MOTOR- DRI VEN SURGA CAL CUTTI NG AND FASTENI NG | NSTRUMENT W TH ADAPTI VE USER
FEEDBACK CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present
application is related to the follow ng concurrently-filed U S. patent
applications, which are incorporated herein by reference: -- MOTOR- DRI VEN
SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT W TH USER FEEDBACK SYSTEM

I nventors: Frederick E. Shelton, IV, John Quwerkerk and Jerone R Mbrgan
(Atty. Docket No. 050519/ END5687USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NG | NSTRUVENT W TH LOADI NG FORCE FEEDBACK; |nventors: Frederick E.
Shelton, 1V, John N. Quwerkerk, Jerome R Mdrgan, and Jeffrey S. Swayze
(Atty. Docket No. 050516/ END5692USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND
FASTENI NGMOEORNRLYENSURGH AT CETAINGTANRD FARDENENG INVIIRUMENT WHEE i ck
E. Shelton, IV, John N. OQuwaADARKIVEUSERFEEDRBA(IaNn, and Jeffrey S. Swayze
(Atty. Docket No. 050515/ END5693USNP) -- MOTOR- DRI VEN SURG CAL CUTTI NG AND -
FASTENI NG | NSTRUVENT W TH ARTI CULATABLE END EFFECTOR; | nventors: Frederick
E. Shelton, IV and Christoph L. GIllum (Atty. Docket No.

050692/ END5769USNP) 1 -- MOTOR- DRI VEN SURG CAL CUTTI NG AND FASTENI NG

I NSTRUVENT W TH MECHANI CAL CLOSURE SYSTEM Inventors: Frederick E. Shelton,

1V and  GhossRIPERENGE HORELATEY ARRQEATIORS 050693/ END577CUSNP)

[0001] The present application is related to the following concurrently-filed U.S. patent
applications, which are incorporated herein by reference:

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH USER FEEDBACK SYSTEM,; Inventors: Frederick E. Shelton, IV, John Ouwerkerk and
Jerome R. Morgan (Atty. Docket No. 050519/END5687USNP)'

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH LOADING FORCE FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, Jerome R. Morgan, and Jeffrey S. Swayze (Atty. Docket No.
050516/END5692USNP)

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH TACTILE POSITION FEEDBACK; Inventors: Frederick E. Shelton, IV, John N.
Ouwerkerk, Jerome R. Morgan, and Jeffrey S. Swayze (Atty. Docket No.
050515/END5693USNP)

-- MOTOR-DRIVEN SURGICAL CUTTING AND FASTENING INSTRUMENT
WITH ARTICULATABLE END EFFECTOR; Inventors: Frederick E. Shelton, IV and

Christoph L. Gillum (Atty. Docket No. 050692/END5769USNP)



-- SURG CAL CUTTI NG AND FASTENI NG | NSTRUMENT W TH CLOSURE TRI GGER LOCKI NG
MECHANI SM I nventors: Frederick E. Shelton, IV and Kevin R Doll (Atty.
Docket No. 050694/ END5771USNP) -- GEARI NG SELECTOR FOR A PONERED SURG CAL
CUTTI NG AND FASTENI NG STAPLI NG | NSTRUMENT; | nventors: Frederick E. Shelton,
IV, Jeffrey S. Swayze, Eugene L. Tinperman (Atty. Docket No.

050697/ END5772USNP) -- SURG CAL | NSTRUVENT HAVI NG RECORDI NG CAPABI LI TI ES;

I nventors: Frederick E. Shelton, 1V, John N CQuwerkerk, and Eugene L.

Ti nmper man (Atty. Docket No. 050698/ END5773USNP) - - SURG CAL | NSTRUVENT
HAVI NG A RE ETORRRIVEN SYRGIGAL U TTINGAND EASEENBNE INSARUMENKeyi n R

Doll, Jeffrey S. Swayze and Eugene Ti nperman (Atty Docket No.

050699/ MWWNICALEWIS@SEWM@t%Nﬁrm EABheItsTRUNENT | NCLUDI NG
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R Doll
(Atty. DowrisaiphMo Gillkh QXRN/ENRENG USHEY3/ENDENDOSCIEN C SURG CAL | NSTRUVENT

W TH A HANDLE THAT CAN ARTI CULATE W TH RESPECT TO THE SHAFT; Inventors:

Frederi ck E. _-SHERGIOALIGUTIRIG A&ID FASTENRYGINSVRUMENTWITH CLOSURESl ie M
Fugi kawa (Atty. Docket No. 050701END5776USNP) -- ELECTRO- MECHANI CAL SURG CAL

CUTTI NG 4y %@@E g NS HAMENT; 1hvaghde P‘r\ed%QIﬁBYsEélBh'\ﬁ/ AN GiRUBGII SYSTEM
WTH 2 PARALLEL CLOSURE AND ANVI'L ALI GNMENT COVPONENTS; I nventors:

E{)ggg{ i %\ny Doc%é?ﬁ%%O@MEN%ﬁW@@NI;) Bal ek and Eugene L. Tinpernman (Atty.

-- GEARING SELECTOR FOR A POWERED SURGICAL CUTTING AND
FASTENING STAPLING INSTRUMENT; Inventors: Frederick E. Shelton, IV, Jeffrey S.
Swayze, Eugene L. Timperman (Atty. Docket No. 050697/END5772USNP)

-- SURGICAL INSTRUMENT HAVING RECORDING CAPABILITIES; Inventors:
Frederick E. Shelton, IV, John N. Ouwerkerk, and Eugene L. Timperman (Atty. Docket No.
050698/END5773USNP)

-- SURGICAL INSTRUMENT HAVING A REMOVABLE BATTERY; Inventors:
Frederick E. Shelton, IV, Kevin R. Doll, Jeffrey S. Swayze and Eugene Timperman (Atty.
Docket No. 050699/END5774USNP)

-- ELECTRONIC LOCKOUTS AND SURGICAL INSTRUMENT INCLUDING
SAME; Inventors: Jeffrey S. Swayze, Frederick E. Shelton, IV, Kevin R. Doll (Atty. Docket No.
050700/END5775USNP)

-- ENDOSCOPIC SURGICAL INSTRUMENT WITH A HANDLE THAT CAN
ARTICULATE WITH RESPECT TO THE SHAFT; Inventors: Frederick E. Shelton, IV, Jeffrey
S. Swayze, Mark S. Ortiz, and Leslie M. Fugikawa (Atty. Docket No. 050701 END5776USNP)

-- ELECTRO-MECHANICAL SURGICAL CUTTING AND FASTENING

INSTRUMENT HAVING A ROTARY FIRING AND CLOSURE SYSTEM WITH



050702/ END5777USNP) -- DI SPOSABLE STAPLE CARTRI DGE HAVI NG AN ANVIL W TH

TI SSUE LOCATOR FOR USE WTH A SURG CAL CUTTI NG AND FASTENI NG | NSTRUVENT
AND MODULAR END EFFECTOR SYSTEM THEREFOR; | nventors: Frederick E. Shelton,
IV, Mchael S. Cropper, Joshua M Broehl, Ryan S. Crisp, Jam son J. Float,
Eugene L. Tinperman (Atty. Docket No. 050703/ END5778USNP) -- SURG CAL

| NSTRUVENT HAVI NG A FEEDBACK SYSTEM Inventors: Frederick E. Shelton, 1V,
Jerone R Morgan, Kevin R Doll, Jeffrey S. Swayze and Eugene Ti npernman

(Atty. Docket No. 050705/ END5780USNP) BACKGROUND [0002] The present
i nventi @PﬁwIaCLQS%éN%AEWIBi@éb%lfli@Mﬁgﬁf%h?wtqrgﬁ?q%ﬁﬁwgs

and, nore particularly, notor-driven surgical cutting and fastening

i nst r umshekon, ['O0BGiheEd dBalelopid-Evgeng e Bimperman yienDockatNoof t en preferred over
traditional open surgical devices since a smaller incision tends to reduce

t he postoSOPEVENDYE/ TUSNRY)ery tinme and conplications. Consequently,
significant devel opnent has gone into a range of endoscopic surgical

i nstruments thpfSPRSABILE STAPEECAR PREYGS BIAN ICEARNANYIL aViEBTESURNd ef f ect or
at a desired surgical site through a cannula of a trocar. These distal end

ef f ect Or%%?(gﬂg?g%dw SEIWPHE A SURGIONITREI TANGEXD £ RSPERINeG ENSTRUMINSt i ¢ or

t her apeu ect (e.g., endocutter, grasper, cutter, staplers, clip
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usi ng aser, own surgical staplers
i ncl ude d effector at .sipul tapeousl y. mnakes a ngit udi nal incision
intissdd Michael 'rB%PeF’iJIﬁgB’aA\FQ‘- @%Joala}r Ryan s, %/’b* oIS E@ggaug‘fq% i nci si on,
The
Timperman (Atty. Docket No. 050703/END5778USNP)
-- SURGICAL INSTRUMENT HAVING A FEEDBACK SYSTEM; Inventors:

Frederick E. Shelton, IV, Jerome R. Morgan, Kevin R. Doll, Jeffrey S. Swayze and Eugene

Timperman (Atty. Docket No. 050705/END5780USNP)

BACKGROUND

[0002] The present invention generally concerns surgical cutting and fastening instruments
and, more particularly, motor-driven surgical cutting and fastening instruments.

[0003] Endoscopic surgical instruments are often preferred over traditional open surgical
devices since a smaller incision tends to reduce the post-operative recovery time and
complications. Consequently, significant development has gone into a range of endoscopic
surgical instruments that are suitable for precise placement of a distal end effector at a desired
surgical site through a cannula of a trocar. These distal end effectors engage the tissue in a
number of ways to achieve a diagnostic or therapeutic effect (e.g., endocutter, grasper, cutter,
staplers, clip applier, access device, drug/gene therapy delivery device, and energy device using

ultrasound, RF, laser, etc.).



end effector includes a pair of cooperating jaw nenbers that, if the
instrunment is intended for endoscopic or |aparoscopic applications, are
capabl e of passing through a cannul a passageway. One of the jaw nenbers
receives a staple cartridge having at |least two laterally spaced rows of
stapl es. The other jaw nenber defines an anvil having staple-form ng pockets
aligned with the rows of staples in the cartridge. The instrunent includes
a plurality of reciprocating wedges which, when driven distally, pass
t hrough openings in the staple cartridge and engage drivers supporting the
st apl es (0804 thenown syegieal stap rwclv%ars@rgl;ﬂf%wf siguftaneoyty make§ 9005] An
exanpl e of a surgical stapler suitable for endoscopic applications is
descr i bddngitudinal iBcisieatin tipoe asd dgdicgbaes ofikiaples di sppasingssiden obthgdedsiomrThgi t h
distinct closing and firing actions. A clinician using this device is able
t 0 cl oseentlRéfegtamintidder mitgfaoopdratinggaw engpdetd thaniftiecinstnasent is iptended foo
firing. Once the clinician has determ ned that the jaw nenbers are properly
gri ppi NGendbdcepid@r 1aEB©s&Jpﬁdup?Iieatioﬁm_ré EPEbIE bf paskifg bl @i £adnnlagatsagewdyt h a
single firing stroke, or nmultiple firing strokes, depending on the device.
Firing t ' ; | ; ' | The
s Tl ar e e B R B et R E o e
per form ng,sugh i.00S j.al it h. differ . i . t hat
Fespect a1 T Bt BeB e intiicd el Rihiri ok A Gid Bl sl o g
able to close upon tjssue befgre firing is that the clinicianis able to
ver sty VoS SheRnhE T HEE. ThedntraeieR R i P e g meBoen
achi eved, including a sufficient apount of tissue has been captured between
opposi ngVhigivavhen drixert disialy, ReppBEIUEH opeiresratherstapts @R dgd andengaee driges her |
especially pinching at their distal 4 ends, and thus not effectively formng
cl osed swuppdrtisg the stapkes seefece thetfirggiod the/taplds¢owart ¢hre avilr eme, an excessi ve
anount of clanped tissue nay cause binding and an inconplete firing.

[0005] An example of a surgical stapler suitable for endoscopic applications is described in

U.S. Pat. No. 5,465,895, which discloses an endocutter with distinct closing and firing actions. A -
clinician using this device is able to close the jaw members upon tissue to position the tissue
prior to firing. Once the clinician has determined that the jaw members are properly gripping
tissue, the clinician can then fire the surgical stapler with a single firing stroke, or multiple firing
strokes, depending on the device. Firing the surgical stapler causes severing and stapling the
tissue. The simultaneous severing and stapling avoids complications that may arise when
performing such actions sequentially with different surgical tools that respectively only sever and
staple.

[0006] One specific advantage of being able to close upon tissue before firing is that the
clinician is able to verify via an endoscope that the desired location for the cut has been

achieved, including a sufficient amount of tissue has been captured between opposing jaws.

Otherwise, opposing jaws may be drawn too close together, especially pinching at their distal



[ 0007] Endoscopic staplers/cutters continue to increase in conplexity and
function with each generation. One of the main reasons for this is the
gquest for lower force-to-fire (FTF) to a level that all or a great majority
of surgeons can handl e. One known solution to lower FTF it use CO2 or

el ectrical notors. These devices have not faired nmuch better than

tradi tional hand-powered devices, but for a different reason. Surgeons
typically prefer to experience proportionate force distribution to that

bei ng experienced by the end-effector in the form the sha | e t? assure
them t pds. anddhuspot Pﬁ@qﬂé/?lé(pfpmggek?é?deﬁ?@esc%mﬂ S&Y“ée SPF\ Athe RSEEeM%

within the capabilities of nobst surgeons éusual |y around 15-30 | bs). They
al so t yph eakisyveranunt of clamprddissuecoa sayse bindigepndgi ingomplete ingol e and bei ng
able to stop at anytine if the forces felt in the handle of the device feel
too gr @W07r Ehduscapiereagieisnttet coitak to masase.in Thmplexins end fupetitawith edchect s
are not suitably realizable in present notor-driven endocutters. As a
resul t, o¢daeftidni Ond oPRBehAh rdadstls f6if thRGSEPqaat Gorlywaysiead-dins (FTH) towtevet dri ve
endocut?ers where the cutting/stapling operation is actuated by merely

Pr essi ng,fa) §Uf 48R -m YurgEHRQEA hiddlQ MGnd8RMNAbLIESR &S lowet PEF RS O,
invention Is difected t0 a m)torlzed surgical cutting and fastening
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include two triggers in its handle -- | osyre tri ,e and a f|r|n trlgger
-~ withd lsgeﬁa%? hatchelngeBeTiSRGed DG cdreriedsy IBH&tIQE‘gﬁ?’ 31 SRS 1o Aspure e
retracts the closure trigger, 5 tissue positioned in the end effector nmay be
cl anpedthaythe sutting/staplingestchy is complate, with e upper lipié wathat the sapabilities phmosti r i ng
trigger, a notor may power, via a gear drive train, a rotational main

surgeons (usually around 15-30 Ibs). They also typically want to maintain control of deploying

the staple and being able to stop at anytime if the forces felt in the handle of the device feel too
great or for some other clinical reason. These user-feedback effects are not suitably realizable in
present motor-driven endocutters. As a result, there is a general lack of acceptance by physicians
of motor-drive endocutters where the cutting/stapling operation is actuated by merely pressing a

button.

SUMMARY

[0008] In one general aspect, the present invention is directed to a motorized surgical cutting
and fastening instrument that provides feedback to the user regarding the position, force and/or
deployment of the end effector. The instrument, in various embodiments, also allows the
operator to control the end effector, including being able to stop deployment if so desired. The
instrument may include two triggers in its handle -- a closure trigger and a firing trigger -- with

separate actuation motions. When an operator of the instrument retracts the closure trigger,



drive shaft assenbly, which causes a cutting instrument in the end effector
to severe the clanped tissue. [0009] In various enbodi nents, the instrunment
may conprise a power assist systemwth |oading force feedback and contro
to reduce the firing force required to be exerted by the operator in order
to conplete the cutting operation. In such enbodi nents, the firing trigger
may be geared into the gear drive train of the main drive shaft assenbly.
In that way, the operator rmay experience feedback regarding the force being
applied to the cutting instrument. That is, the |oading force on the firing
trigger tsye nsélt&oewhmége ensl affpstor suibs glamped by dheradiediseton Hiens whenthet i ng
instrument. Also in such enbodi nents, because the firing trigger is geared

i nt o t heopgetar refractsghe firing iriggkn rdrotephy pevenyvia Ageapleivatrain, pugtatienahmdiad t o
the force applied to the notor. [0010] According to various enbodi nents,
when t hadrfviershafgassémbigewhiich cagts aciteng metrapgr apthe @he effentaun tseeee the clafipeéd
degrees), an on/off switch may be actuated, which sends a signal to the
notor t@siOtate at a specified rate, thus commencing actuation of the drive
shaft assenbly and end effector. According to other enbodinents, a

proporti [@0@) RNEQSusEbofAE the ilRINRAPRYY t:(srﬁ;[me a poRS QsidTBYstchENAtha si gnal
to the notor to rotate at a rate proportional to the force applied to the
firing tr] I , i i ti.on of the
firing HP?%@%?“&%&%@ﬁggﬁﬁP§%8%¥%6%?@?gﬁé gbﬁﬁg?éﬁ%ﬁgigg epﬁgﬁ#ﬁgtrunent is
in the end effector, (e. ul |l y. depl oyed or fully .retracted). Further, the
oper at or REEATd bt rthlits iR SPraay BrspisbimbosimEthafic Bithe wiegei mey
stroke to stgop the notor, and thereby stop the cutting notion. In addition,
sensor s beedpatsd infg ghe gear dravedrain of the maghdrivesnaft assemply. dp sk waysthe peeratay
effector (e.g., fully retracted position) and the end of the stroke (e.g.,
ful |y dephossedrignssifeadback regasding e fordeypeingappléadite ithel apttingriastewmenor Shatdsy the
provi de an 6 adaptive control systemfor controlling end effector depl oynment
t hat i s loadisg fdeceadn thé @riag oégpdr mappe related to the loading force experienced by the cutting

instrument. Also in such embodiments, because the firing trigger is geared into the gear drive
train, force applied by the operator may be added to the force applied to the motor.

[0010] According to various embodiments, when the firing trigger is retracted an appropriate
amount (e.g., five degrees), an on/off switch may be actuated, which sends a signal to the motor
to rotate at a specified rate, thus commencing actuation of the drive shaft assembly and end
effector. According to other embodiments, a proportional sensor may be used. The proportional
sensor may send a signal to the motor to rotate at a rate proportional to the force applied to the
firing trigger by the operator. In that way, the rotational position of the firing trigger is generally
proportional to where the cutting instrument is in the end effector (e.g., fully deployed or fully
retracted). Further, the operator could stop retracting the firing trigger at some point in the stroke
to stop the motor, and thereby stop the cutting motion. In addition, sensors may be used to detect
the beginning of the stroke of the end effector (e.g., fully retracted position) and the end of the

stroke (e.g., fully deployed position), respectively. Consequently, the sensors may provide an



system of the notor, gear drive train, and end effector. [0011] In other
enbodi nents, the firing trigger may not be directly geared into the gear
drive train used to actuate the end effector. In such enbodi ments, a second
notor may be used to apply forces to the firing trigger to sinulate the
depl oynent of the cutting instrunent in the end effector. The second notor
may be controll ed based on increnental rotations of the main drive shaft
assenbly, which nmay be neasured by a rotary encoder. In such enbodi ment, the
position of the rotational position of the firing trigger be related to
t he posiadamivespntrdlsysem forrgntrpihias endheffgctar deplppmentdhatsis @E@l ﬁ%of aalossdlngr | y,
an on/off switch or a proportional switch may be used to control the main
nmot or (isystem of the maibg gedridaive paingarsd ¢ndeeffgeton drive shaft). [0012] In various

i npl ementations, the end effector may use a helical drive screw in the base
of the qoehigf resthérenibddididnysg tHeliringuttipgen Gnay ot beidibsetly @eargd intk thefgedr driddeso, t he
end effector may include a staple cartridge for stapling the severed

tissue. RGEQEALulRe BERRA «AIRA TR emMBRHMRINts, FB&RAd hdtor RSt Bisegtd o
sealing) the severed tissue may be used, |nclud|ng RF energy and adhesi ves.

LO013] 7488 fofcBEsol REfil g&%fgemxlmm o 14 bl TRRRAS by O RIS BiltendDe

mechani ¢ osure I nc ngate c ving a cl anping

menber, an a VI| i vot abl cted t e I

tissue ?éftf’f aﬁeeasef?{l %ﬁ‘&yg Qgedlpe aoy goﬁ lrleC Fen?en&aq oAl (\%{é{}) glthe 'ﬁalg dﬁarrpl ng
he 1t hrough

action of the e ctor retr ctln t er fri
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Once the clanping nenber is |ocked in place, the operator may activate the
cut ti ng gearatational pysitien phibe firge trgger maphe rlaied ﬁorth%@O$tiqng§éhe Cuffig may cause
the cutting instrunment to travel longitudinally along the channel in order
to cut tingsmentinghpel dffectone Additiordlfyeen on/off witch or a proportional switch may be

used to control the main motor (i.e., the motor that powers the main drive shaft).

[0012] In various implementations, the end effector may use a helical drive screw in the base

of the end effector to drive the cutting instrument (e.g., knife). Also, the end effector may

include a staple cartridge for stapling the severed tissue. According to other embodiments, other

means for fastening (or sealing) the severed tissue may be used, including RF energy and

adhesives.

[0013] Also, the instrument may include a mechanical closure system. The mechanical closure

system may include an elongate channel having a clamping member, such as an anvil, pivotably

connected to the channel to clamp tissue positioned in the end effector. The user may activate

the clamping action of the end effector by retracting the closer trigger, which, through a

mechanical closure system, causes the clamping action of the end effector. Once the clamping

member is locked in place, the operator may activate the cutting operation by retracting the

separate firing trigger. This may cause the cutting instrument to travel longitudinally along the

channel in order to cut tissue clamped by the end effector.



[0014] In various inplenentations, the instrunent may include a rotational
mai n drive shaft assenbly for actuating the end effector. Further, the main
drive shaft nmay conprise an articulating joint such that the end effector
may be articulated. The articulation joint may conprise, for exanple, a
bevel gear assenbly, a universal joint, or a flexible torsion cable capable
of transmtting torsion force to the end effector. [0015] O her aspects of
the present invention are directed to various nmechani sns for |ocking the
closure trigger to a |lower, pistol-grip portion of the handle. Such

enbodi ma[ﬁ%ﬁf rla @atipnsgmplementations sheripsigimengimage iclude agetationgh maiedriveshaf
triggers for other conponents of the instrunment, including conponents of

t he gearassimible fdrretuaticgtte thdkeffeodrafuchdr, bt omir driveysbakt may ORAYINGS [ 0016]
Various enbodi nents of the present invention are described herein by way of
exanpl e arficul&@jjeiRciuck thadthelent lefedtod haybagtifilgred €She aticulatioh joirguiags 1 and 2
are perspective views of a surgical cutting and fastening instrunent

accor di nQnfpisd 3 &uﬁlp%mewdngéﬁr%ss@ﬁlbgbaumv@ﬁm bink, ¥ @Hek D6 tofdi@iéa8f 3-5 are
expl oded views of an end effector and shaft of the instrunent according to

vari ous &P%éﬁ%pﬁ%éft%g“?%“&%tm%‘g |femﬂ; Figure 6 is a side view of the

end effec according"to various e nents of the present invention;

Figure 7. js.,an.expl oded view of the handle of the i.nstrugent according to

vari ous RRHod BETERecs: ot hePtsseat LVEnaR Al firsind @ vgtipbaner RaamS ar ekt o
. . h I . : . Foth

D e e oo 15T B H ™ et le! 85 rSPERILE LS ek

in the handle directly above and behind the triggers for other components of the instrument,

including components of the gear drive train and the mechanical closure system.

DRAWINGS
[0016] Various embodiments of the present invention are described herein by way of example
in conjunction with the following figures, wherein

Figures 1 and 2 are perspective views of a surgical cutting and fastening instrument
according to various embodiments of the present invention;

Figures 3-5 are exploded views of an end effector and shaft of the instrument according
to various embodiments of the present invention;

Figure 6 is a side view of the end effector according to various embodiments of the
present invention;

Figure 7 is an exploded view of the handle of the instrument according to various
embodiments of the present invention;

Figures 8 and 9 are partial perspective views of the handle according to various

embodiments of the present invention;



Figure 10 is a side view of the handle according to various enbodi nents of
the present invention; Figure 1 1 is a schematic diagramof a circuit used
in the instrument according to various enbodiments of the present

i nvention; Figures 12-13 are side views of the handl e according to other
enbodi nents of the present invention; Figures 14-22 illustrate different
mechani snms for | ocking the closure trigger according to various enbodi nents
of the present invention; Figures 23A-B show a universal joint ("u joint")
that may be enployed at the articulation point of the lnstrunint accordi ng
to various efisyes KQeﬁtasSlQ?fVlQVhéf thedardle agequding togirions ¢nhadimentnotthe Rrsfent o
torsion cable that may be enployed at the articulation point of the

i nstrunmementacor di ng to vari ous enbodi nents of the present invention;

Figures 25-31 illustrate a surgical cutting and fastening instrunent with
power assi st Figue€ bl @iarsghdmatntiddian o abdiitmed incthe ifseupestsendrding\te mrias ;
Figures 32-36 illustrate a surgical cutting and fastening instrunment with
pover asibdlimeRBCTiil fiesehPiny&itioanot her enbodi ment of the present invention;
Figures 37-40 illustrate a surgical cutting and fastening instrunent with
tactile f eedﬁzgggu'fes 1&%&}@?&3 TRAsDr ffe Haﬂ@le&&&?cﬁﬂé td SHE bR im Mo fthEpHeSent 41- 42
illustrate a oportional sensor that may be uSed according to various

enbodinen&§iot the present invention. 9 DETAILED DESCRI PTI ON [ 0017] Fi gures
1 and 2 "WSPP®Y a surgical cutting and fastening instrument 10 according to

Figures 14-22 illustrate different mechanisms for locking the closure trigger according to
various embodiments of the present invention;

Figures 23A-B show a universal joint (“u-joint”) that may be employed at the articulation
point of the instrument according to various embodiments of the present invention;

Figures 24A-B shows a torsion cable that may be employed at the articulation point of
the instrument according to various embodiments of the present invention;

Figures 25-31 illustrate a surgical cutting and fastening instrument with power assist
according to another embodiment of the present invention;

Figures 32-36 illustrate a surgical cutting and fastening instrument with power assist
according to yet another embodiment of the present invention;

Figures 37-40 illustrate a surgical cutting and fastening instrument with tactile feedback
to embodiments of the present invention; and

Figures 41-42 illustrate a proportional sensor that may be used according to various

embodiments of the present invention.



vari ous enbodi ments of the present invention. The illustrated enbodi nent is
an endoscopic instrunent and, in general, the enbodi nents of the instrunent
10 described herein are endoscopic surgical cutting and fastening
instrunments. It should be noted, however, that according to other

enbodi nents of the present invention, the instrunent may be a non-
endoscopi ¢ surgical cutting and fastening instrunent, such as a | aparoscopic
instrument. [0018] The surgical instrunent 10 depicted in Figures 1 and 2
conprises a handle 6, a shaft 8, and an articulating end effector 12

pi vot al DETe“dhEEd?%%CRI?TﬂQ@ shaft 8 at an articulation pivot 14. An
articulation control 16 may be provided adjacent to the handle 6 to effect
rot at i of00df] t Rizusssd andffdepicoa surgicabattingtand fastening instruragnt b gegording to n t he
illustrated enbodi nent, the end effector 12 is configured to act as an
endocut W&ﬁoﬁs@hb@ﬂiﬂféﬂisﬁﬂthéﬁb’ﬁhﬁ ingerniod. Thajilusmged emmbatiment it Awempvscdpic ot her
enbodi nents, different types of end effectors may be used, such as end

ef f ect Oﬁr%trment%b% SENRES the RnbBYMBNGAS tkEMstASSont $0IaéscABedicSin@RS, Cutters,
staplers, clip appliers, access devices, drug/gene therapy devices,

ul trasoupghe @F }:Q%ﬁ{tmg%}{a ‘Fa%ﬁemn‘%tlﬁstrumgt"sg]lt shb@dtRMEled, Fovvek, iati NSt ument

10 may inc osure-tri firing trigger 20 for actuating
the end eff reci vi ng end

ef f ect oPE° 0“&15 g)c(ft%ed eP’c?oaﬁ"ﬁnhs 3‘;1[1 g é‘g ne:%n tl|i<{énir15krﬂ§"%ave d Jg(r?nent number s
or types of trlg ers or, oth sui t.abl e controls for operating the end

ef f ect OFU‘%ZCOPFh ghy Cé?t'l“g@i’glfasﬁ“qgéngwt SUSh-As 2 1aRproscRe ‘?sﬁgﬂﬁﬁ%dl e 6 by a
prefera el ongate shaft 8. In one enbodi nent, a clinician or operator of

t he iQ‘ﬁ@he The swgieahingrumant | @ depietedindrigurey § ard deomprises phiendle 6t bshafis, shaf t
8 by ut|I|Z|ng the articulation control 16, as described in nore detail in

pendi ng ahd & arpeuleting endpiffectat 1 Dpivsiatly commected tolthe Sz ©20an drii¢watiohapivedrdy. 10,
2006, entitled "Surgical Instrunent Having An Articulating End Effector,”
by GCeof fAneytidilatida@bhtr@lt] 6ahay, berogiied &djadentan piar laindld dierefiect rbtatioedthe aod.
effector 12 about the articulation pivot 14. In the illustrated embodiment, the end effector 12 is
configured to act as an endocutter for clamping, severing and stapling tissue, although, in other
embodiments, different types of end effectors may be used, such as end effectors for other types
of surgical devices, such as graspers, cutters, staplers, clip appliers, access devices, drug/gene
therapy devices, ultrasound, RF or laser devices, etc.
[0019] The handle 6 of the instrument 10 may include a closure trigger 18 and a firing trigger
20 for actuating the end effector 12. It will be appreciated that instruments having end effectors
directed to different surgical tasks may have different numbers or types of triggers or other
suitable controls for operating the end effector 12. The end effector 12 is shown separated from
the handle 6 by a preferably elongate shaft 8. In one embodiment, a clinician or operator of the

instrument 10 may articulate the end effector 12 relative to the shaft 8 by utilizing the

articulation control 16, as described in more detail in pending U.S. patent application Ser. No.
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[ 0020] The end effector 12 includes in this exanple, anong other things, a
staple channel 22 and a pivotally transl atabl e clanpi ng nenber, such as an
anvil 24, which are maintained at a spacing that assures effective stapling
and severing of tissue clanped in the end effector 12. The handle 6
includes a pistol grip 26 towards which a closure trigger 18 is pivotally
drawn by the clinician to cause clanping or closing of the anvil 24 toward
the staple channel 22 of the end effector 12 to thereby clanp tissue
positioned between the anvil 24 and channel 22. The firing trigger 20 is
farther 1329830 filed JanharyclOp3Q6e cntitled g8rrgica! Instigpent itavingAn Astiqulatiggdind 18 | s
| ocked in the closure position as further described below, the firing

tri gger EXfectony by teaffecysC.i Ml o at.omeickis indvepquatsd béreigrtiypefeéerse t hat it can be
reached by the operator using one hand. Then the operator nmay pivotally
draw t hqob20]i Mhetend gffedtor2IR ihowagsdn thieexangllgbmong pthethingscastsse thwanslt22pl | ng
and severing of clanped tissue in the end effector 12. In other

enbodi Mepli 9 pivditdifyarahtabkR@snMhg meh®BD sitd RBARAIF2) efidesre hident@inyd 4t 224 coul d
be used, such as, for exanple, an opposing jaw, etc. [0021] It will be

appr eCi n H | n n H n H ‘ni i
refer engsg&?%é {ggiﬁslglgr?%%tg%ﬂger ftg l?ﬁgﬁ?ﬁgveﬁg% 8If gésgé (é)lltl;] mgﬁ& ?lntg fé rgﬁdné%C?dlrg 2 ' Thgs,
t he end efégﬁtor o_the Xi,yal h

2 is. distgl wth respect t re. dl e 6.

w11 adl Bipslages pivol i o Mgy WK Cosgisleineet 1845 BBty 4 V51 o
terms such as "vertical"” and "horizontal" are ysed herein with _respect to
Lhe. dr aViTRISEN tPi5HRSG SlAmPing oji dosing {285 AR A doerd THuPls FaRashP gt | ons
and positions, and these ternms are not intended to be limting and.
absol ut effe¢opd2io trpreby: Flamprtissuernogigiencditgtweap theanyih24and ¢hannek 2. Theclirinene
clinician is satisfied with the positioning of the end effector 12, the
cl i ni ci arigga0dy fanthéramkboattbofthoclosuze triggggt. Q8ettiee ¢losuré triggyr 18116 lodked ad,
| ocked position proximate to the pistol grip 26. The firing trigger 20 may
t hen be the closure position as further described below, the firing trigger 20 may rotate slightly toward

the pistol grip 26 so that it can be reached by the operator using one hand. Then the operator

may pivotally draw the firing trigger 20 toward the pistol grip 12 to cause the stapling and

severing of clamped tissue in the end effector 12. In other embodiments, different types of

clamping members besides the anvil 24 could be used, such as, for example, an opposing jaw,

etc.

[0021] It will be appreciated that the terms "proximal" and "distal" are used herein with

reference to a clinician gripping the handle 6 of an instrument 10. Thus, the end effector 12 is

distal with respect to the more proximal handle 6. It will be further appreciated that, for

convenience and clarity, spatial terms such as "vertical" and "horizontal" are used herein with

respect to the drawings. However, surgical instruments are used in many orientations and

positions, and these terms are not intended to be limiting and absolute.

[0022] The closure trigger 18 may be actuated first. Once the clinician is satisfied with the

positioning of the end effector 12, the clinician may draw back the closure trigger 18 to its fully
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actuated. The firing trigger 20 returns to the open position (shown in
Figures 1 and 2) when the clinician renpbves pressure, as described nore
fully below. A release button on the handle 6 , when depressed may rel ease
the | ocked closure trigger 18. The rel ease button may be inplenented in
various forms such as, for exanple, as a slide release button 160 shown in
Figure 14, and/or button 172 shown in Figure 16. [00231 Figure 3 is an
expl oded view of the end effector 12 according to various enbodinents. As

shown in the illustrated enbodi nent, the end effector 12 may include, in
addi t i olased, dopked mS@WItRIQXIWFPéﬁtth%Iﬁét@] gHuatthdihe Sping trigesh oy F‘aﬁﬁfhen&’ec utting
instrunment 32, a sled 33, a staple cartridge 34 that is renovably seated in
t he charanmhtea,zrheeﬁrdlgarlg@r|26a¢tum§ teethe oherf posE®n (ThvavrcintRigures 1 andksDrwhearike 32 nay
be, for exanple, a knife. The anvil 24 may be pivotably opened and cl osed at
a pivot cfigictah r&howe preQirethsidesciibed potedultpbeloend releadetbattoman el haddle 6The anvi |
24 may also include a tab 27 at its proximate end that is inserted into a

conponentheRlieflageBal 28k hLlbotd cosutaf M 8 dTHE fdldaeelbinunt hey bdel ow) to
open and close the anvil 24. \Wen the closure trigger 18 is actuated, that

I's, dr a“ﬂpieﬂlept\éd ﬁ)rus ‘Pc;r{xﬁ rgﬁcH 835 for WG le, ]ag a shﬁ’@re@éﬁgé ll)ut%ﬂ I@thwvl’( ﬁltFlgllﬂQ

the pi vot 0|nt |nto e clanped or cl osed position. cl anpi ng of the

end eff to S sfac he operator may actuate the firing
triggerqg %Eh 3 how alné§N?H§nDre detail bel ow, causes the knife 32

??Ssﬁéetafétp%téqﬁ‘%fm#%ﬁﬁo‘d&#gie&ac'ﬁéﬁt G Bclonfz 30 R s Vapbe bty "

along the channel 22 causes the staples of the staple cartridge 34 to be
driven tArsbayn in the ilbusirated gmbpdigmeat, theend ghleciat 12 may lr@ll@gela aggifipn tothe whi ch
turns the staples to fasten the severed tissue. In various enbodi nents, the
sl ed 33 prewjousty-mentionee ghaninelcrapdrswil 24fa dultmgdastiumentyd2, 341ed 335 s@ple.
6,978,921, entitled "Surgical stapling instrunment incorporating an E-beam
firing reachdge Bithit iskenedvably seatedinpibe eltaanel122) @idm HeYicdlZcrew shaft 36. The cutting

instrument 32 may be, for example, a knife. The anvil 24 may be pivotably opened and closed at

a pivot point 25 connected to the proximate end of the channel 22. The anvil 24 may also

include a tab 27 at its proximate end that is inserted into a component of the mechanical closure

system (described further below) to open and close the anvil 24. When the closure trigger 18 is

actuated, that is, drawn in by a user of the instrument 10, the anvil 24 may pivot about the pivot

point 25 into the clamped or closed position. If clamping of the end effector 12 is satisfactory,

the operator may actuate the firing trigger 20, which, as explained in more detail below, causes

the knife 32 and sled 33 to travel longitudinally along the channel 22, thereby cutting tissue

clamped within the end effector 12. The movement of the sled 33 along the channel 22 causes

the staples of the staple cartridge 34 to be driven through the severed tissue and against the

closed anvil 24, which turns the staples to fasten the severed tissue. In various embodiments, the

sled 33 may be an integral component of the cartridge 34. U.S. Pat. 6,978,921, entitled “Surgical

stapling instrument incorporating an E-beam firing mechanism,” which is incorporated herein by

12



reference, provides nore details about such two-stroke cutting and fastening
instrunments. The sled 33 may be part of the cartridge 34, such that when
the knife 32 retracts following the cutting operation, the sled 33 does not
retract. [0024] It should be noted that although the enbodi nents of the
instrunent 10 described herein enploy an end effector 12 that staples the
severed tissue, in other enbodinents different techniques for fastening or
sealing the severed tissue nmay be used. For exanple, end effectors that use
RF energy or adhesives to fasten the severed tissue _nmay. al.so be usg%. u. S
Pat. Norefesnceyprogsiss aerg details abpytepgiReyastigkeaptiing s Raten Bersiuaents; dh9at es et
al., and U S. Pat. No. 5,688,270 entitled "ELECTROSURG CAL HEMOSTATI C

DEVI CE WedB3 nREGEPSEDT ANDRORIGFEEIchEhatoTROUES i e 32 vatracss Bllowing thaentire ar e

i ncorporated herein by reference, disclose an endoscopic cutting instrunent
t hat useperdorgfiersipd 3adceeadt refasctsevered tissue. U S. Patent Application
Serial No. 11/267,811 to Jeronme R Mrgan, et. al, and U S. Patent

Appl i catypea) Sgr shahld Ve noted/tRf EitR@ghtiee dnildanémkoftthe Belinem, | 0ldéscritied hedein,
whi ch are also incorporated herein by reference, disclose an endoscopic

cutting e-g{ﬂgotyr dgﬁﬁﬁ brb st lijﬁnglssté}ﬁl&efﬁé MR ered kidsubaimtoptitr ERBodigeRlsiifféress ue.

Accordin ough the description herein refers to cutting/stapling

o DI A 5P o

exenpl a

ti ssue-fasteni t echni gues ma | sp be used. 0025], Fi gur apd 5 are
expl ode(ﬁh*\?i“é‘g\g‘p ‘i‘ngﬁPrgQ#SS'%esitg¥a§%§it@%se\?'?r§a/%ésfuet"{?é' aisr?]obeé’fsgécﬁa %i'zﬁgand shaf t
8 according to various embodi nents. As shown in the iLIustraHgS quﬁginent,
the shatt0%@8pentitedcELESCTRON R Hetle HEMQYFRTIGREVAGEA Y &tediptd afndcY Ssur e
tube 42 pivotably linked b a pivot links 44. The distal closure tube 42

i ncl udePatNoopeBs.AY %itiedf‘éLEﬁﬂgﬁ)wlﬁé& HEMOSTABIC RRYICEMITHS | nserted in

order to open and close the anvil 24, as further described bel ow. D sposed
i nsi de RECEISESUAND/OBERFESET BREGERODESE tpiates atedl ¢ whjphrage inabiporkéed Horsmposed
i nside the proximte

by reference, disclose an endoscopic cutting instrument that uses RF energy to seal the severed

tissue. U.S. Patent Application Serial No. 11/267,811 to Jerome R. Morgan, et. al, and U.S.

Patent Application Serial No. 11/267,383 to Frederick E. Shelton, IV, et. al., which are also

incorporated herein by reference, disclose an endoscopic cutting instrument that uses adhesives

to fasten the severed tissue. Accordingly, although the description herein refers to

cutting/stapling operations and the like below, it should be recognized that this is an exemplary

embodiment and is not meant to be limiting. Other tissue-fastening techniques may also be used.

[0025] Figures 4 and 5 are exploded views and Figure 6 is a side view of the end effector 12

and shaft 8 according to various embodiments. As shown in the illustrated embodiment, the

shaft 8 may include a proximate closure tube 40 and a distal closure tube 42 pivotably linked by

a pivot links 44. The distal closure tube 42 includes an opening 45 into which the tab 27 on the

anvil 24 is inserted in order to open and close the anvil 24, as further described below. Disposed

inside the closure tubes 40, 42 may be a proximate spine tube 46. Disposed inside the proximate

13



13 spine tube 46 may be a main rotational (or proximate) drive shaft 48 that
comuni cates with a secondary (or distal) drive shaft 50 via a bevel gear
assenbly 52. The secondary drive shaft 50 is connected to a drive gear 54
that engages a proximate drive gear 56 of the helical screw shaft 36. The
vertical bevel gear 52b may sit and pivot in an opening 57 in the distal end
of the proxinmate spine tube 46. A distal spine tube 58 may be used to

encl ose the secondary drive shaft 50 and the drive gears 54, 56.

Col l ectively, the main drive shaft 48, the secondary drive shaft 50, and

t he art ispink &ubiedo nsayshertbingin (retatjonal (tr@royémate) drévershal §\8/ it pompanicptegpish a
sonetines referred to herein as the "main drive shaft assenbly."” [00261 A
bear i ng s3@®ndpggort distalp drie¢ shaftdi0stiah bevetl gair asshmbbt Bpl Ehechamdety 2ive shaft&0 ves
the helical drive screw 36, allowing the helical drive screw 36 to freely
rotate wkédhnb@ePOW drive dehesaciRadynghges dProxImgte Aeive gédr 56 ©F e Ieliadl tscidty shafy
interface a threaded opening (not shown) of the knife 32 such that rotation

of the sfaff, %@ni@ﬁ%eacéesies%%ﬁ}ﬁsi%dtp@v& PASRhRgd7Sh fle dstlenBloPMiemat € Y

(depending on the direction of the rotation) through the staple channel 22.

s L B e

of the fIring nore det al evel

e ST T T R IR

hel i cal screw shaft 36 to rota&e whi ch causes _the knife driving nmenber 32
to travend thsragiquiationasseqnbly (i the bevehgsar assembly 323-c3 ate sqmptimes Esfated lanped
within the end effector. The sled 33 nay be nade of, for exanple, plastic,
and nmay heeeieasthe 'mpiadirige shafl assemblice. As the sled 33 traverse the channel
22, the sloped forward surface may push up or drive the staples in the

st apl e da026]i dgbedringS8gpositioned hteangistal entliof thestaptecchagadl 231 retdieesamvhdlicad. The
anvil 24 turns the staples, thereby stapling the severed tissue. Wen the

kni f e 32rive séreiwr3acilfAving the hehtd] arisescaévd 36 teflecdBroi@y wirdGespectdb Sengaged,

t her eby | eavi ng
22. The helical screw shaft 36 may interface a threaded opening (not shown) of the knife 32
such that rotation of the shaft 36 causes the knife 32 to translate distally or proximately
(depending on the direction of the rotation) through the staple channel 22. Accordingly, when
the main drive shaft 48 is caused to rotate by actuation of the firing trigger 20 (as explained in
more detail below), the bevel gear assembly 52a-c causes the secondary drive shaft 50 to rotate,
which in turn, because of the engagement of the drive gears 54, 56, causes the helical screw shaft
36 to rotate, which causes the knife driving member 32 to travel longitudinally along the channel
22 to cut any tissue clamped within the end effector. The sled 33 may be made of, for example,
plastic, and may have a sloped distal surface. As the sled 33 traverse the channel 22, the sloped
forward surface may push up or drive the staples in the staple cartridge through the clamped
tissue and against the anvil 24. The anvil 24 turns the staples, thereby stapling the severed tissue.

When the knife 32 is retracted, the knife 32 and sled 33 may become disengaged, thereby leaving

the sled 33 at the distal end of the channel 22.
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the sled 33 at the distal end of the channel 22. 14 [00271 As descri bed
above, because of the |ack of user feedback for the cutting/stapling
operation, there is a general |ack of acceptance anbng physici ans of

not or-driven endocutters where the cutting/stapling operation is actuated
by nerely pressing a button. In contrast, enbodinents of the present

i nvention provide a notor-driven endocutter with user-feedback of the

depl oynment, force, and/or position of the cutting instrunent in the end
effector. 100281 Figures 7-10 illustrate_an ex ry.enbadi ment of a

mot or - dI90¥En Andesstibedabovehgcquse 0‘3@? ch QF user ?%gg%g%ﬂ%@e Pﬁtgpﬁfgt?‘!’ll'%at

provi des user -f eedback re?arding t he depl oynent and | oading force of the
cut t i ngopenastonytivenstis i geneial lackdf agdeptanes among phasirienoef metREJEHBLAdRERE ™Sy use
power provided by the user in retracting the firing trigger 20 to power the
devi ce {vhers thecaktimdstippiageperatiesis sttiated e Inereds pebonga buttanadn icphteast.r at ed

enbodi nent, the handle 6 includes exterior |ower side pieces 59, 60 and

ext er i OmbGiIMENtS bfie Pf@@lﬁﬁm@htiorﬁﬁro'&/mafa rhatbr-drd@atehddcuttor Wik myerifeedyackarfal , t he
exterior of the handle 6. A battery 64, such as a Li ion battery, may be

provi deﬁleid@;t)lg?‘ﬁerm Rk Q. atl/bihosiieh of R cain®finstliMehEin dheerfd. efftb@r.bat tery 64

powers a no 65 di sposed in an upper portion of the pistol grip portion

26 of t H@ag’ﬁngilgﬁreg 7-RGROLE Mgﬁ%&%ﬁoﬂm%m&dﬁ%‘ﬁ eH@&&Etex@gnJTBVS 88 Oa

DC brus riving notor having rmumrotation of, approxinmately,
pevel | geuogy s bengtEbehl s Bodien B oMo R ITER el ERIR A "'
el e e EE AT e B EReAar: i PPl Mo PFRinTeE magiy Bt oar 74
may drive a mating ring gear 78 that drives a helical gear drum 80 via a
drive piesfded 82 theaiser ingetgasting therfsingtiriggen 6 topowdidhadavicedp serealleddpaverso.
Thus, when the notor 65 rotates, the ring 84 is caused to travel along the
hel i cal agst&rmadexnA86hdyn imehe glustratehembottimergpothe andle 6 includes exterior lower side

pieces 59, 60 and exterior upper side pieces 61, 62 that fit together to form, in general, the

exterior of the handle 6. A battery 64, such as a Li ion battery, may be provided in the pistol grip

portion 26 of the handle 6. The battery 64 powers a motor 65 disposed in an upper portion of the

pistol grip portion 26 of the handle 6. According to various embodiments, the motor 65 may be a

DC brushed driving motor having a maximum rotation of, approximately, 5000 RPM. The

motor 64 may drive a 90° bevel gear assembly 66 comprising a first bevel gear 68 and a second

bevel gear 70. The bevel gear assembly 66 may drive a planetary gear assembly 72. The

planetary gear assembly 72 may include a pinion gear 74 connected to a drive shaft 76. The

pinion gear 74 may drive a mating ring gear 78 that drives a helical gear drum 80 via a drive

shaft 82. A ring 84 may be threaded on the helical gear drum 80. Thus, when the motor 65

rotates, the ring 84 is caused to travel along the helical gear drum 80 by means of the interposed

bevel gear assembly 66, planetary gear assembly 72 and ring gear 78.
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bevel gear assenbly 66, planetary gear assenbly 72 and ring gear 78. 15

[ 0029] The handle 6 may al so include a run notor sensor 110 in communi cation
with the firing trigger 20 to detect when the firing trigger 20 has been
drawn in (or "closed") toward the pistol grip portion 26 of the handle 6 by
the operator to thereby actuate the cutting/stapling operation by the end
effector 12. The sensor 110 nmay be a proportional sensor such as, for
exanple, a rheostat or variable resistor. Wen the firing trigger 20 is
drawn in, the sensor 110 detects the novenent @nd sends an elﬁﬁér'cal
si gnal |[¢|Qaﬁ9l: aiThe bangte 6 ey wheringde ofun iRy sPnsop 1 K Insoppminieatiop Wit Pr 65.
When the sensor 110 is a variable resistor or the |like, the rotation of the
mot or  65riggend0 tredeghwhen the fisingdigger 3 aps hegn dreavneindemitclased Hrbowsard e istok he
firing trigger 20. That is, if the operator only draws or closes the firing
trigger g poftioa 26iof tﬂeehahﬂte,6 tiyhthe bpdratbr wrtherébyt dvtuatmthe cuib giswplingodperationl y | ow.
When the firing trigger 20 is fully drawn in (or in the fully closed

POsi ti Oy thd & effe@onl2.0Dhédentdid 109 be@Pproporiadnal Sehssraxchraforlera@plees wor ds,
the hardér the user pulls on the firing trigger 20, the nore voltage is

appl i ed rﬂé?)sfap& Lok r&ststorC aﬁﬁénntﬂe ﬁhﬁéﬁr?ggef 2 8 Urfn MOthalb0r 1 { P83 thbe

handl e may 1 nclude a mddl e handl e piece 104 adjacent to the upper portion

of Lhe errfladvglg@&teél%d 8 o P fecd sﬁgﬂagg(ﬁcéiw@'& fhe Bl ABP R & i AfpiRprong 112

and I ring

open. podfPERFST ﬁ“ﬁﬁa?ﬁ’w e R R e i pipot AT o bRidriodger

20, the bias spring 112 mnll pull the firing trigger 20 to_its open
posi t i ormayheeeaerplly Bippoitiogalde lipAmayAt Ofgroyementeias iring figgeh et e At & BpBF ng
rotation of the notor 65. Mreover, by virtue of the bias spring 112, any
time a wpentor bolyakawsher digses Hy ftrmuggrgmer 20 in 2 higle bitetheptatiorexishe mekns &5 is
resistance to the closing operation, thereby providing the user with
f eedbackelatvel plowh eWaemthetfiring trigdea dnfullx dratvadn (dnyin theefutip tlosedsfosition), tteer ,  t he
operator could stop retracting the firing trigger 20 to thereby
rotation of the motor 65 is at its maximum. In other words, the harder the user pulls on the firing
trigger 20, the more voltage is applied to the motor 65, causing greater rates of rotation.
[0030] The handle 6 may include a middle handle piece 104 adjacent to the upper portion of
the firing trigger 20. The handle 6 also may comprise a bias spring 112 connected between posts
on the middle handle piece 104 and the firing trigger 20. The bias spring 112 may bias the firing
trigger 20 to its fully open position. In that way, when the operator releases the firing trigger 20,
the bias spring 112 will pull the firing trigger 20 to its open position, thereby removing actuation
of the sensor 110, thereby stopping rotation of the motor 65. Moreover, by virtue of the bias
spring 112, any time a user closes the firing trigger 20, the user will experience resistance to the
closing operation, thereby providing the user with feedback as to the amount of rotation exerted

by the motor 65. Further, the operator could stop retracting the firing trigger 20 to thereby

remove force from the sensor 100, to thereby stop the motor 65. As such, the user may stop the
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remove force fromthe sensor 100, to thereby stop the nmotor 65. As such, the
user may stop the 16 depl oynent of the end effector 12, thereby providing a
nmeasure of control of the cutting/fastening operation to the operator.

[ 0031] The distal end of the helical gear drum 80 includes a distal drive
shaft 120 that drives a ring gear 122, which mates wth a pinion gear 124.
The pinion gear 124 is connected to the main drive shaft 48 of the main
drive shaft assenbly. In that way, rotation of the notor 65 causes the main
drive shaft assenbly to rotate, which causes actuation of the end effector
12, as demeyménsaf theisod effeqtotP2 theraby providinga measusagbepngnl oHbe hel i cal gear
drum 80 may include a post 86 that is disposed wthin a slot 88 of a

sl ot t ed catting/&B3teniigepstativbn edthaoperd®r.has an opening 92 its opposite end 94
that receives a pivot pin 96 that is connected between the handl e exterior

si de pi g9033] 5Phe difal chdef thei hetital pear B6mi8s iadlsdes didéyal sleide stafolAfithanrivpeni ng
100 in the firing trigger 20 and an opening 102 in the m ddl e handl e piece

104. [ 0Q33lgedr2addhith RidtestWith GRBh Ged 1AY The ?in@tﬂﬁge@; I BV IcB N0t 86 thediain
end- of - stroke sensor) 130 and a stop notor (or beginning-of-stroke) sensor

)

142, 1 N Q9L LiggSisBTRRAL IR R sAdteasS Y S HROKy, rRRNRAT HSRoRYS Bfuses th M !
switch Id}(;lgéa%%g‘s%t t egﬂng}ﬁst aF Sendaso'fgl‘-}{t %e tgFtlt cgl’ gear drum 80 such that the
ring 84 threade n the helical gear drum 80. contact j E verse
not or sé‘??é‘b&” Ts%ag\ﬂﬁgﬂ‘%{yhtg rpye gwgllfﬁrcglggﬁgcéu Q‘I% OdlEhs‘?teélﬁ eﬁtﬁ o{){i? igés Igll)‘{ cal
gear drum 80. The reverse notor sensor 130, when activated, sends a signal
to the #8®%r 65 to reverse its rotation direction, thereby w thdraw ng the
knife 32 of the end effector 12 follow ng the cutting operation. &0034 The
st op notl@#32keddering §2 thrggdedeon thehelisalgepn EumBOraaiasiuge & pot 8§ that is disnosed ch.
In various enbodinents, it nmay be |located at the proxi mte end of the
hel i cal vgthan a dloUSR & dattedraam 90. The slotted arm 90 has an opening 92 its opposite end 94

that receives a pivot pin 96 that is connected between the handle exterior side pieces 59, 60. The

pivot pin 96 is also disposed through an opening 100 in the firing trigger 20 and an opening 102

in the middle handle piece 104.

[0033] In addition, the handle 6 may include a reverse motor (or end-of-stroke sensor) 130 and

a stop motor (or beginning-of-stroke) sensor 142. In various embodiments, the reverse motor

sensor 130 may be a limit switch located at the distal end of the helical gear drum 80 such that

the ring 84 threaded on the helical gear drum 80 contacts and trips the reverse motor sensor 130

when the ring 84 reaches the distal end of the helical gear drum 80. The reverse motor sensor

130, when activated, sends a signal to the motor 65 to reverse its rotation direction, thereby

withdrawing the knife 32 of the end effector 12 following the cutting operation.

[0034] The stop motor sensor 142 may be, for example, a normally-closed limit switch. In

various embodiments, it may be located at the proximate end of the helical gear drum 80 so that

the ring 84 trips the switch 142 when the ring 84 reaches the proximate end of the helical gear

drum 80.
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the ring 84 trips the switch 142 when the ring 84 reaches the proxi mate end
of the helical gear drum 80. 17 [0035] In operation, when an operator of
the instrunent 10 pulls back the firing trigger 20, the sensor 110 detects
t he depl oynent of the firing trigger 20 and sends a signal to the notor 65
to cause forward rotation of the notor 65 at, for exanple, a rate
proportional to how hard the operator pulls back the firing trigger 20. The
forward rotation of the notor 65 in turn causes the ring gear 78 at the

distal end of the planetary gear assenbly 72 to rotate, thereby causing the
hel i cal (¢34l & orergiyn; whemangersraterfdhe,igstypent ilﬁgulg%tb%hﬁfé‘afg‘é%s %ég‘t‘ff?é’ el cal
gear drum80 to travel distally along the helical gear drum 80. The

rot at i omersbr t Wedeteetsi thatlepdesament ofithe $Bing triggeri20 grbssendiea sigpgl o theimyatosdyatpt
assenbly as descri bed above, which in turn causes deploynment of the knife 32
in the eagecEbivasd @Xatiba .of Heahotbs6s sthfer kxdnfde, 32 atapdoirtiohaB® tavehardtwed t o
traverse the channel 22 longitudinally, thereby cutting tissue clanped in

the end (BEhREhAlls thék th fhithg thiBger20aThE RgwaRrkoatibe of theimdtbreseindusficheet te 12 i s
caused to happen in enbodinents where a stapling-type end effector is used.

[ 0036] E?ﬁg:gﬁgr 78! eﬁﬁletscﬁﬁalcé'ﬂﬁtok e/ p'f’zlllﬁﬁhi' Sr Qﬂgrélﬁltyi 7Qr18 Q(EtatH‘l‘?lel%B? calsfrgahor 12 is

conpl et e ring on the helical "gear drum 80 w have reached the

ensor Tatsef geohdfin) By E Rt A ALELR0 1o WRGIER G (ROELI bW RO BT ]

I'p S gna to cause the

nmotor 65.tqQ reverse ifs rotatio his i.n turn, causes the ife 32 t
retract ,dlsé‘ﬁ]d ai‘?%ﬁ%%ﬂ'scélsgeaf &%‘mr éh]g{@ ogHoR ﬂﬂtilﬁ Q%iw@gg‘eaé doym g&ﬁlﬁ? gﬂvﬁséﬁ)ermve
back to the proximate end of the helical gear drum 80, [0037] The _m ddle
handl e [ase drivegshaft gesembbisasepaibed Ph@veswbwﬁ aéwnl%lwsr@pwmjag@f]sth% kifesiZot t ed
arm 90 as best shown in Figures 8 and 9. The m ddl e handl e piece 104 al so
has a f dnthgredd effector 12. That is, the knife 32 and sled 33 are caused to traverse the channel 22

longitudinally, thereby cutting tissue clamped in the end effector 12. Also, the stapling operation
of the end effector 12 is caused to happen in embodiments where a stapling-type end effector is
used.

[0036] By the time the cutting/stapling operation of the end effector 12 is complete, the ring 84
on the helical gear drum 80 will have reached the distal end of the helical gear drum 80, thereby
causing the reverse motor sensor 130 to be tripped, which sends a signal to the motor 65 to cause
the motor 65 to reverse its rotation. This in turn causes the knife 32 to retract, and also causes
the ring 84 on the helical gear drum 80 to move back to the proximate end of the helical gear
drum 80.

[0037] The middle handle piece 104 includes a backside shoulder 106 that engages the slotted
arm 90 as best shown in Figures 8 and 9. The middle handle piece 104 also has a forward
motion stop 107 that engages the firing trigger 20. The movement of the slotted arm 90 is
controlled, as explained above, by rotation of the motor 65. When the slotted arm 90 rotates

CCW as the ring 84 travels from the proximate end of the helical gear drum 80 to the distal end,
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notion stop 107 that engages the firing trigger 20. The novenent of the
slotted arm90 is <controlled, as explained above, by rotation of the notor
65. Wien the slotted arm 90 rotates CCWas the ring 84 travels fromthe
proxi mate end of the helical gear drum80 to the distal end, 18 the m ddle
handl e piece 104 will be free to rotate CCW Thus, as the user draws in the
firing trigger 20, the firing trigger 20 will engage the forward notion
stop 107 of the mddle handl e piece 104, causing the m ddl e handl e piece
104 to rotate CCW Due to the backside shoul der 106 engaging the slotted
arm 90, theowiddierhandla@ieee ded wilhbe fieetogpateeCa@W4 Wiusi asdhg ysepdransinpthediringot at e
CCWas far as the slotted arm90 permts. In that way, if the notor 65
shoul d stigger 2@ttiad firigg trigger 200wl angageathe fariverdshatianetbral(h @0heniniddlshandle
rotating, and the user will not be able to further drawin the firing
trigger plde Do absseng e niddle hendiopidt £l 0ai e edatd CEWI Duenotheltacksideeshbalderot at e
CCW due to the slotted arm90. [00381 Figure 41 and 42 illustrate two

states Qs @ngh@lngdhd QoR&HRAI90t Rl VIR hORiddRErhnaR fidt@ 104 vill BRydYe sbRISOr 110
according to vargl ous enbodi nents of the present i nvention. e sensor 110

h

may i ncl \g | Lhidd £ e dPtHe Mot6ss ﬁﬂ@t ti
el ectr oééé'tg%é’j% %g?arggyela&&gé?rdp%gg ifetr{ne ' c}ﬁgﬁectag’i o mat%%?al S@%%&? : g.a, ln%AP)
bet ween _t he el ectr gee 8 4...The sensor 10 ma \.Aﬁe gsitioned such that
the fac éorp§8p‘[eir83r?o”28 @8‘%‘?‘12%?]52&% Wil yqn ﬁoﬁl&ng’raina é‘éerusﬁbxll P ( raétert%@frgﬁf
Accordingly, when the firing trigger, 20 is retracted ttn)e ielectri
mat er i aldragR thefirnpgigeesabbecause t@%@mﬁi h?naleg’uﬁcs%ﬁé will g etfge&ttolr‘ﬁéte(glp(é\é[t r odes
282, 284 are closer together. Since the distance "b" between the el ectrodes
282, 284lugtp e slotied gmr.ated to the i npedance between the el ectrodes 282,
284, the greater the distance the nore inpedance, and the closer the
di st ancq0a38¢ Figrss41 apketlihlostratd twd fiates avayvaribble samsouthtt minabe tded aslihelrext ri c
286 is conpressed due to retraction of the firing trigger 20 (denoted as
force " Motbisefrod U1 @ackd}dihStopaBipey érhistiiaheritOof the piesgie ddaton. The sensor 110

may include a face portion 280, a first electrode (A) 282, a second electrode (B) 284, and a

compressible dielectric material 286 (e.g., EAP) between the electrodes 282, 284. The sensor

110 may be positioned such that the face portion 280 contacts the firing trigger 20 when

retracted. Accordingly, when the firing trigger 20 is retracted, the dielectric material 286 is

compressed, as shown in Figure 42, such that the electrodes 282, 284 are closer together. Since

the distance “b” between the electrodes 282, 284 is directly related to the impedance between the

electrodes 282, 284, the greater the distance the more impedance, and the closer the distance the

less impedance. In that way, the amount that the dielectric 286 is compressed due to retraction

of the firing trigger 20 (denoted as force “F” in Figure 42) is proportional to the impedance

between the electrodes 282, 284, which can be used to proportionally control the motor 65.

[0039] Components of an exemplary closure system for closing (or clamping) the anvil 24 of

the end effector 12 by retracting the closure trigger 18 are also shown in Figures 7-10. In the

illustrated embodiment, the closure system includes a yoke 250 connected to the closure trigger
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bet ween the el ectrodes 282, 284, which can be used to proportionally control
the notor 65. 100391 Conponents of an exenplary closure systemfor closing
(or clanping) the anvil 24 of the end effector 12 by retracting the closure
trigger 18 are also shown in Figures 7-10. In the illustrated enbodi nent,
the closure systemincludes a yoke 250 connected to the closure trigger 19
18 by a pin 251 that is inserted through aligned openings in both the

cl osure trigger 18 and the yoke 250. A pivot pin 252, about whi ch the

closure trigger pivots, is inserted througp ag enlq% B t he

cl osur el& by @gl@r2518hfwﬁ iseried thypyghealigned,opaRnes & b erﬁ 03‘25‘?1 igger; I3 and they

through the «closure trigger 18. Thus, retraction of the closure trigger 18
causes ydke 20pparpipeipin 212, abant syhighitheclosure tigaer i%pivets, igfnsericd theougbreoetbdp j s
attached via the pin 251, to rotate CCW The distal end of the yoke 250 is

connect gskningiid the dddsareAbidgert@ vehithi isoiffsetl fosmwberetizcpie 25 2 f6inseTted thronglt the| osur e
bracket 256 connects to a second closure bracket 258. Collectively, the

cl osur eciBERC kRIS B OThud dtratiioh BEthealosaRaF 18 Bawsds the upper partafittieadiesuend  of
the proximate Cl osure tube 40 (see Figure 4) is seated and held such that

| ongi t ug{;@@# IS%VV@H@H{hegfok% B0 flaBaiHe8 vRI RE éhtﬁlzéﬁota?e'@cwuﬁﬁ%dtﬁ%ﬁ bedi nal

noti on the’ prOX|nat osure tube 40. e instrunent 10 al so includes a

ol 05U e 90258 s S TRORTC A Bl L 1%, RSB Sra0lopos orfuths Aflurdigoch osure

awn a post on one o handl e

embodi n éo%ﬁéc%soég%é‘ e 9@%@ oD et et oR: e B o

6. In that way, the proximate c]osure tube 40 is capable of mpvin
| ongi t ud PRENING m ahighit p@élmqﬁ%endc?fdéwr@xw@ae degyre ke 48 (t58 Figure Bhis msednray
also include a distal collar 267 that fits into a caV|%¥ 269 in proxinmate
spi ne t askheldssugh thatt dongisudina aubviementedfithdglosure brackers)236s 88 Fugesrlengitudinab0401 | n
operation, when the yoke 250 rotates due to retraction of the closure
t ri gger md8on bythe pedxirnate eldsn@aitet 40. 7B, indmthentl(5@dsd ineludesoxclmatrerad 260ur e t ube
40 to nove distally (i.e., away from

disposed inside the proximate closure tube 40. The closure rod 260 may include a window 261

into which a post 263 on one of the handle exterior pieces, such as exterior lower side piece 59 in

the illustrated embodiment, is disposed to fixedly connect the closure rod 260 to the handle 6. In

that way, the proximate closure tube 40 is capable of moving longitudinally relative to the

closure rod 260. The closure rod 260 may also include a distal collar 267 that fits into a cavity

269 in proximate spine tube 46 and is retained therein by a cap 271 (see Figure 4).

[0040] In operation, when the yoke 250 rotates due to retraction of the closure trigger 18, the

closure brackets 256, 258 cause the proximate closure tube 40 to move distally (i.e., away from

the handle end of the instrument 10), which causes the distal closure tube 42 to move distally,

which causes the anvil 24 to rotate about the pivot point 25 into the clamped or closed position.

When the closure trigger 18 is unlocked from the locked position, the proximate closure tube 40

is caused to slide proximately, which causes the distal closure tube 42 to slide proximately,

which, by virtue of the tab 27 being inserted in the window 45 of the distal closure tube 42,
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the handl e end of the instrunent 10), which causes the distal closure tube
42 to nove distally, which causes the anvil 24 to rotate about the pivot
point 25 into the clanped or closed position. Wen the closure trigger 18
is unl ocked fromthe | ocked position, the proximte closure tube 40 is
caused to slide proxi mtely, which causes the distal closure tube 42 to
slide proximately, which, by virtue of the tab 27 being inserted in the
wi ndow 45 of the distal closure tube 42, 20 causes the anvil 24 to pivot
about the pivot point 25 into the open or unclanped p03|t|on ln t hat way,
by r et r zsusenithe anvil Pbekpinef abpt the B‘é’&tr@"ﬂrzﬁg'gf@ thejgpen op upglampgdopostiep- & %‘ﬁb

ti ssue between the anvil 24 and channel 22, and may uncl anp the tissue

f ol | owi vyt byeretrattirigragd sackirigi thg clopere triggen! Syn operhior kiay glantpetisshokaiveentthe gger
20 fromthe | ocked position. [0041] Figure 11 is a schematic diagram of an

el ect ri galil 24 ardidtan®dl 20 hendiniat uriehnpt thd Ossae Eddloskiimgthe teotting/siaplisg epdoastbinrbgnt s of
the present invention. When an operator initially pulls in the firing

trigger u%Q)cﬁlfn%@l{e d18Gkd Riggdri® der@&iéﬂScl{feH'pGQﬁdSn 18, the sensor 110 is
activated, allfowing current to flowthere through. If the normally-open

reverse [ﬂ&{l?’{) ﬁeﬁ‘ﬁé )yl 1ssaV§cE&Hatfjc3c9a cﬁg g;? ,Qr?el(ﬁéfﬁ@eﬂ DByt Qﬁhe fRtumknt lrﬁ)eac@&gm

ef fector as not been re current wll flowto a single pole
double _throwr ba. 132. nce the rever not
SO e BBl M o 30T P BRI B, 1O
rel ay 132 will pe i .1 ts non-ener d, state. irc also i ncl udes a
Car ¢ 11 dgueseeeR et 1odkiasshe Eure EgH LS dnEBpT ddD oy aciveithligudis Girishti e
cartridge 34, the sensor 136 will be in the closed state, allow ng current
to fl owflog thewedhrough.i If thenormally-ependeyasse matpr srasar swaichil 4G IS epen 4meaning the
cartridge 34, the sensor 136 will be open, thereby preventing the battery
64 fr omepdméthie rod tffectorstroke B45. nol BEhZdacidncurtest wilbiddw teasingieggle, aubiles
present, the sensor 136 is closed, which energizes a single pole, single
t hr ow r ehdw ré@8.13MNSincéd the révrymdidBsehsorawitelg i 3eid noteloded)the iddnesr 1 by ofitgér t he

relay 132 will not be energized, so the relay 132 will be in its non-energized state. The circuit

also includes a cartridge lockout sensor 136. If the end effector 12 includes a staple cartridge 34,

the sensor 136 will be in the closed state, allowing current to flow. Otherwise, if the end effector

12 does not include a staple cartridge 34, the sensor 136 will be open, thereby preventing the

battery 64 from powering the motor 65.

[0042] When the staple cartridge 34 is present, the sensor 136 is closed, which energizes a

single pole, single throw relay 138. When the relay 138 is energized, current flows through the

relay 136, through the variable resistor sensor 110, and to the motor 65 via a double pole, double

throw relay 140, thereby powering the motor 65 and allowing it to rotate in the forward direction.

[0043] When the end effector 12 reaches the end of its stroke, the reverse motor sensor 130

will be activated, thereby closing the switch 130 and energizing the relay 134. This causes the

relay 134 to assume its energized state (not shown in Figure 13), which causes current to bypass

the cartridge lockout sensor 136 and variable resistor 110, and instead causes current to flow to
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relay 136, through the variable resistor sensor 110, and to the notor 65 via
a doubl e pole, double throw relay 140, thereby powering the notor 65 and
allowing it to rotate in the forward direction. [00431 Wen the end
effector 12 reaches the end of its stroke, the reverse notor sensor 130

will be activated, thereby closing the switch 130 and energi zing the relay
134. This causes the relay 134 to assune its energi zed state (not shown in
Figure 13), which causes current to bypass the cartridge |ockout sensor 136
and variable resistor 110, and instead causes current to flow to 21 both the
nor mmal | ot the eatn@diutﬂ@e@d@@k pJesioublethrow reley 492 ambbagk do hgdrotpd3, Rt iRt or

65, but in a manner, via the relay 140, that causes the notor 65 to reverse
i ts rot ahinnagiiadhe &dﬁyi 180, thhOdsks tBematos 65 tareverseips notationalskngstoom. swi t ch 142 i's
normal | y-cl osed, current will flow back to the relay 134 to keep it closed
until theos tBéBatikéﬂtte&ﬁﬂﬁoto\/\E@Boﬁ fatcknid & mdemaldy-Elobddy curednt adll @dw bathe st op
not or sensor switch 142 is activated, causing the switch 142 to open,

ther eby tf.]@fépagl 1349 to Eé@p‘-t{ cltgeerﬁhtlhsﬁe SRS 1 6)&1@0%% {he KatfBsD iR dtenrts,

rat her t proportional -type sensor an on-off type sensor could be

used. rthe ét?;p %fg? (S)Q‘ISP'F&I'?C’I‘I 1t49qs 563&/%&9 fcaﬁﬁﬁ%tthla oRitef 148 (ggﬁ ctft%rgl%’ RN B gnOt be

pr oportiona {6 L Re Torce ap the rator. Rath e ‘not or

woul d gener %_% Eotate g a constant rate. But the operator would stil
exper i erfO¥'eF BPRELG BIPS SRk because the firing trigger 20 is geared into the
gear drive train. [0046] Fig &@12 is a side-view of tq8 handl ¢ 6 of a

pover - ad8048 dpether siabo Wﬂ’@)té’tf? F than 2 prapattiegaletyP&sfatidr Vethditp SeARE
enbodi ment of Figure 12 is simlar to that of Figures 7- 10 except that in
t he enbowilddetused. Imisyeh embalimeniartee fate ofgotatonoefithe metantd oymidaeidet o the ring
84 threaded on the helical gear drum 80. Instead, in the enbodi nent of
Fi gur e If¢pdrtienat torthe &tce applicd by theapsmtrs oRather, tieomot2d 85 whald geperely witdtéatt he
ring 84 as the ring 84 advances down (and

a constant rate. But the operator would still experience force feedback because the firing trigger

20 is geared into the gear drive train.

[0046] Figure 12 is a side-view of the handle 6 of a power-assist motorized endocutter

according to another embodiment. The embodiment of Figure 12 is similar to that of Figures 7-

10 except that in the embodiment of Figure 12, there is not slotted arm connected to the ring 84

threaded on the helical gear drum 80. Instead, in the embodiment of Figure 12, the ring 84

includes a sensor portion 114 that moves with the ring 84 as the ring 84 advances down (and

back) on the helical gear drum 80. The sensor portion 114 includes a notch 116. The reverse

motor sensor 130 may be located at the distal end of the notch 116 and the stop motor sensor 142

may be located at the proximate end of the notch 116. As the ring 84 moves down the helical

gear drum 80 (and back), the sensor portion 114 moves with it. Further, as shown in Figure 12,

the middle piece 104 may have an arm 118 that extends into the notch 12.

[0047] In operation, as an operator of the instrument 10 retracts in the firing trigger 20 toward

the pistol grip 26, the run motor sensor 110 detects the motion and sends a signal to power the
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back) on the helical gear drum 80. The sensor portion 114 includes a notch
116. The reverse notor sensor 130 may be | ocated at the distal end of the
notch 116 and the stop notor sensor 142 may be | ocated at the proxi nate end
of the notch 116. As the ring 84 noves down the helical gear drum 80 (and
back), the sensor portion 114 noves with it. Further, as shown in Figure 12,
the mddl e piece 104 may have an arm 118 that extends into the notch 12.
[0047] In operation, as an operator of the instrunent 10 retracts in the
firing trigger 20 toward the pistol t he run notor segg 110

det ect s mdtes 6Fpwhish cayes. 281088 Oﬁleérhgrr%ﬂ t%ﬁ Beltf@ r fign 8% 1o oo Asdae heligpl
causes, anong other things, the helical gear drum80 to rotate. As the

hel i cal gearetaum @0 uota®f) thoting 84threaded i thg hglical Beas dowd 80 advaneeser regragts.gear drum
80 advances (or retracts, depending on the rotation). Al so, due to the

pul I i ng dependington@hd ioltaiti‘(bg).tAlsg,gﬂfe t& the puliimgrin dfithe fiping ¢egget 00, the médues pielcet 0
rotate CCWw th the firing trigger 20 due to the forward notion stop 107

that engagesuiddfo Fdditk Q@ WHWilhahe fidlg trigaer L0Nerto tiad foblardimdtida stopddli7ehdpi ece
104 cause the arm1 18 to rotate CCWw th the sensor portion 114 of the

(] rm (0] h
ring 84 .4 @%@Eﬁﬁ%mﬁ%ﬁ gplfirﬁe @tW?otﬂlo?nQﬁ%?edmidﬁle Iﬁ&% 102%5kke HbarmN@o t he

ring 84 end of the helical gear drum 80, the arm 118

[ h b l. wh
}[Mh e r fﬁnt%t%t(}&gd \’Hl e tes"?_' sot ; Irp orli ?f téﬁ%{u?ﬁ 8 ﬁheeﬁ a}g{n lji% staggd[rﬂ)%%ﬁ iy en

ox ma ear the arm

w Il contact and R& ‘h@ Lp the s tor S 142 Sugh acti
r ever se BERpt bi§- %/BPg §§ reat"@?ﬁéﬁ:&?'\?go féléﬁ"tfzgi’}rgeﬁreg” ;kg)o% a”[lgég,S]
Figure 13 is a side-view of the handle 6 of Eomer-a55|st notori zed
endocut téH corfaeiend Fh@gebb’drlaﬁt?tfﬁiéﬁifseéﬁﬁ@6$%tl3oﬂ' anigarlyo wham e re Sdirgashes 13 i s
simlar to that of Figures 7- 10 except that in the enmbodi nent of Figure 13,
t her e i shayrosinwte ¢nd of thee kmlical@Bar drnmt&athe arrhevill conja@4nd therebadapl therstaphe
helical gear drum 80 includes a vertical channel 126. Instead of a slot, the
arm motor sensor 142. Such actions may reverse and stop the motor 65, respectively, as described

above.

[0048] Figure 13 is a side-view of the handle 6 of a power-assist motorized endocutter

according to another embodiment. The embodiment of Figure 13 is similar to that of Figures 7-

10 except that in the embodiment of Figure 13, there is no slot in the arm 90. Instead, the ring 84

threaded on the helical gear drum 80 includes a vertical channel 126. Instead of a slot, the arm

90 includes a post 128 that is disposed in the channel 126. As the helical gear drum 80 rotates,

the ring 84 threaded on the helical gear drum 80 advances (or retracts, depending on the

rotation). The arm 90 rotates CCW as the ring 84 advances due to the post 128 being disposed in

the channel 126, as shown in Figure 13.

[0049] As mentioned above, in using a two-stroke motorized instrument, the operator first pulls

back and locks the closure trigger 18. Figures 14 and 15 show one embodiment of a way to lock

the closure trigger 18 to the pistol grip portion 26 of the handle 6. In the illustrated embodiment,

the pistol grip portion 26 includes a hook 150 that is biased to rotate CCW about a pivot point
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90 includes a post 128 that is disposed in the channel 126. As the heli cal
gear drum 80 rotates, the ring 84 threaded on the helical gear drum 80
advances (or retracts, depending on the rotation). The arm 90 rotates CCW
as the ring 84 advances due to the post 128 being disposed in the channel
126, as shown in Figure 13. [0049] As nmentioned above, in using a two-stroke
notorized instrunment, the operator first pulls back and | ocks the closure
trigger 18. Figures 14 and 15 show one enbodi nent of a way to | ock the
closure trigger 18 to the pistol grip portion 26 of the handle 6. In the

i |1 ust r d6 by etdysidn spring 152¢ wésqardm&sugertrlsg%dﬂt%wez@ closarehaed >4 Aotk 150 t hat
is biased to rotate CCW about a pivot point 23 151 by a torsion spring 152.
Al so, thpmmhodmmminﬁkggsumﬁﬂggndBuﬂesbancbmSUH@nEamSESKme¢smﬂhe15gp§$ator
draws in the closure trigger 18, the closure bar 154 engages a sl oped

por t i on h}&613Y, tHebsdy rb@atkg thdBook MEY ghyard Grat Wrig FigneesHaeld) 1b6l thpokesute par CW i n
Figures 12-13) until the closure bar 154 conpletely passes the sl oped

por ti on 1358, RABRRSpas s thesISRAPOARR 13BIpaLes b HectiEd ek 1 456k the WhdkCIs0l ocks

the closure trigder 18 in place. The operator may rel ease the closure
trigger ﬂ' indlile! 4fie Bk ma e FEERE it bstft diBgerll®s OF
oppositg&g?lédgﬁgf éﬁg?gﬁ%@r8??3)%ﬁ??ﬁ%nﬂ&ég.méggﬁgﬁglﬁowﬁ thégg?i e button
rel ease 160 rotates the hook 150 such.that the.closur.e bar 4 |
reIease@ugP%hﬁ?ﬂbm}%g5§§@§058%% ei%%?“?ﬁ&%@T”ﬁPﬁﬁ?ﬁsi <§ﬁgwg“gh%ﬁﬁ%¥ﬁ% osur e
trigger | ocking mech nisn1accorgin to variou eﬂ%ﬂﬁ- nts. IL.n the
embodi mefit PBshing ‘tﬂ)’\“bt%?cél,‘dec fdtogr Eﬁ%ﬁﬂ%}@% eES"‘T hesélcg%%aﬁéﬁ%éff bahavi ng
an arrow head portion 161. The arrow head portion 161 is biased downward (or
CW by &4 lisogleasedrionytheaecessp@otgbdg® 160 and | eaf spring 162 may be nade
from for exanple, nolded plastic. Wien the closure trigger 18 is
ret r act 6050} h&igure be\sHoeachnpthet ¢losurd Biggerd ockisemeauinishr avagrdingtn vepeusi ng 164 i n
the pistol grip portion 26 of the handle 6. A |lower chanfered surface 166 of

embodiments. In the embodiment of Figure 16, the closure trigger 18 includes a wedge 160

having an arrow-head portion 161. The arrow-head portion 161 is biased downward (or CW) by

a leaf spring 162. The wedge 160 and leaf spring 162 may be made from, for example, molded

plastic. When the closure trigger 18 is retracted, the arrow-head portion 161 is inserted through

an opening 164 in the pistol grip portion 26 of the handle 6. A lower chamfered surface 166 of

the arrow-head portion 161 engages a lower sidewall 168 of the opening 164, forcing the arrow-

head portion 161 to rotate CCW. Eventually the lower chamfered surface 166 fully passes the

lower sidewall 168, removing the CCW force on the arrow-head portion 161, causing the lower

sidewall 168 to slip into a locked position in a notch 170 behind the arrow-head portion 161.

[0051] To unlock the closure trigger 18, a user presses down on a button 172 on the opposite

side of the closure trigger 18, causing the arrow-head portion 161 to rotate CCW and allowing

the arrow-head portion 161 to slide out of the opening 164.

[0052] Figures 17-22 show a closure trigger locking mechanism according to another

embodiment. As shown in this embodiment, the closure trigger 18 includes a flexible
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the arrow head portion 161 engages a | ower sidewall 168 of the opening 164,
forcing the arrow head portion 161 to rotate CCW Eventually the | ower
chanfered surface 166 fully passes the |ower sidewall 168, renoving the CCW
force on the arrow head portion 161, causing the lower sidewall 168 to slip
into a |l ocked position in a notch 170 behind the arrow head portion 161.

[ 0051] To unlock the closure trigger 18, a user presses down on a button 172
on the opposite side of the closure trigger 18, causing the arrow head
portion 161 to rotate CCWand all owi ng _the %FFOMFhFad rtion,161 t.o slide
out of lameitedieliary 176that inglydosia lafegsl k1 FEexsending derefram, e armp rl?éﬁ‘?eq'plpocki ng
mechani sm according to another enbodiment. As shown in this enbodinent, the
cl osur e 178 inggbe made frawl rnelded plasticefar iskample4 Thepigtol gidp pertion2fof ths handle 6
includes a lateral pin 178 extending therefrom The arm 176 and pin 178 nmay
be made ifchales sombathgni8astithcs lafetal lyextemding wellpe 133 dispisedythereipoMbenthe26 of t he
handle 6 1includes an opening 180 with a laterally extendi ng wedge 182

di sposed]dkine Iiﬁg’cf,@r 13\VsaBridned, thelps UTerighi g gy widkei 182 aidrthe piad 78 tihforgeidn 178
engages the wedge 182, and the pin 178 is forced downward (i.e., the arm

176 is yohaked (Y 196 [sevated WS BE e l8derQlirfhdiel urdaR W&ide 183, SRAWN 1N
Figures 17 and 18. \Wen the pin 178 fully passes the | ower surface 184, the

CWforce, o urteg‘.% aid 18 1feh &eﬁmfﬂilyﬁgge%mgécgbe@ g%&%&' 184! @k @{c}@q}or% fdch

that the prn Cones to re ina “notc t he wedge 182, as
shown in Figure 19, thereby. | ackin Hg g*os re tri 18. The pin 178 is
Furt her i & iempisdeaiine i (T5dk Bl BT Sitie e fRTr s petnes g 451 Bl
extending from the wedge 184. 100531 To unl| ock tqe ¢l osur triﬁggr %8, t he
oper at 0ROty 8¢ behindthe strdael &2, enghonga figre 19, dhrssby legking HigelasyrerEESSilA- 178 to
engage a sl oped backwal |l 190 of the opening 180, forcing the pin 178 wupward
past t hdhe piaxi78liefusthephel®® plage is tholacked prsition bsa fexiblecstap1 88 ertengding fropg | s
then free to

the wedge 184.

[0053] To unlock the closure trigger 18, the operator may further squeeze the closure trigger

18, causing the pin 178 to engage a sloped backwall 190 of the opening 180, forcing the pin 178

upward past the flexible stop 188, as shown in Figures 20 and 21. The pin 178 is then free to

travel out an upper channel 192 in the opening 180 such that the closure trigger 18 is no longer

locked to the pistol grip portion 26, as shown in Figure 22.

[0054] Figures 23A-B show a universal joint (“u-joint”) 195. The second piece 195-2 of the u-

joint 195 rotates in a horizontal plane in which the first piece 195-1 lies. Figure 23A shows the

u-joint 195 in a linear (180°) orientation and Figure 23B shows the u-joint 195 at approximately

a 150° orientation. The u-joint 195 may be used instead of the bevel gears 52a-c (see Figure 4,

for example) at the articulation point 14 of the main drive shaft assembly to articulate the end

effector 12. Figures 24A-B show a torsion cable 197 that may be used in lieu of both the bevel

gears 52a-c and the u-joint 195 to realize articulation of the end effector 12.
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travel out an upper channel 192 in the opening 180 such that the closure
trigger 18 is no longer |ocked to the pistol grip portion 26, as shown in
Figure 22. [00541 Figures 23A-B show a universal joint ("u joint") 195. The
second piece 195-2 of the u- joint 195 rotates in a horizontal plane in
which the first piece 195-1 lies. Figure 23A shows the wu -joint 195 in a

| inear (180) orientation and Figure 23B shows the u -joint 195 at
approximately a 1500 orientation. The u -joint 195 nay be used instead of

the bevel gears 52a-c (see Figure 4, for exanple) at the articulatiqgn point
14 of tHe0Sshi Higires\2s-Hhillpstraieanatsr pmbediment of { rReterieade tvegrsrokerspegiqab putting

Fi gures 24A-B show a torsion cable 197 that may be used in lieu of both the
bevel qedfstehidg-instanegnt Hewith ppwenrdssididBcerdingéahnatker gmbodiment phthe pfesertie end
effector 12. 25 100551 Figures 25-31 illustrate another enbodi ment of a

Dt Or i Z §RlventityD - Briel AR AEHE o€ Bigufad 26131 ds simildr foabitefiFipgrdsrést 0 envepitthatO0 wi t h
power assist according to another enbodi nent of the present invention. The

embodi NMgfdeadfof Eiegiéﬁ&f-i ggé d3dmig9, thi Binbadindeht saEurey 232 YincRideSanlflteeriop kedrhat
instead of the helical” gear drum 80, the enbodi ment of Figures 23-28

| ncl udesy 0 2 aL heh" Ak ¥nnd8Rlent S i %‘?fsﬁ?. MBickrded 2 Ged? BBOALRBl R0 ihdIMAES

25-31 inc ear ox asse o u |ng a gears dI sposed
inaframe 2

rein t.he _gear nect ed bet we e pl gear

72 and. HEVR S 50 1o ARG b L R A
expl ai ned further .below, e hox as g% .200 vi des %@%ﬁb ck to the
user vi £edhi@ qnfirtlpqignpp|g§gelf2q2®8}e@@%la?ﬁ§n$ﬁ é‘b‘l"%?ﬁg‘n& Mthgr ce of
the end effector 12. Al so, the user may provide power to the sgsten1V|a t he
gear bosbeloss ghergegr bruxrssambly 20& propisdes &@éba@y pethe usr vigbie diniang sigges 29 I'n
that sense, |ike the enbodi nents described above, the enbodi ment of Figures
23-32 i sregaadimg therdeployentaand ilsadjngnfotoerof thecend affectomEntAlsq thérager pray pr ahads
feedback to the user regarding the |oading force experienced by the cutting
I NSt r ungydiver to the system via the gear box assembly 200 to assist the deployment of the end effector

12. In that sense, like the embodiments described above, the embodiment of Figures 23-32 is

another power assist, motorized instrument 10 that provides feedback to the user regarding the

loading force experienced by the cutting instrument.

[0056] In the illustrated embodiment, the firing trigger 20 includes two pieces: a main body

portion 202 and a stiffening portion 204. The main body portion 202 may be made of plastic, for

example, and the stiffening portion 204 may be made out of a more rigid material, such as metal.

In the illustrated embodiment, the stiffening portion 204 is adjacent to the main body portion

202, but according to other embodiments, the stiffening portion 204 could be disposed inside the

main body portion 202. A pivot pin 209 may be inserted through openings in the firing trigger

pieces 202, 204 and may be the point about which the firing trigger 20 rotates. In addition, a

spring 222 may bias the firing trigger 20 to rotate in a CCW direction. The spring 222 may have

a distal end connected to a pin 224 that is connected to the pieces 202, 204 of the firing trigger
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[0056] In the illustrated enbodinent, the firing trigger 20 includes two

pi eces: a main body portion 202 and a stiffening portion 204. The nmai n body
portion 202 may be made of plastic, for exanple, and the stiffening portion
204 may be made out of a nore rigid material, such as netal. |In the
illustrated enbodi nent, the stiffening portion 204 is adjacent to the nmain
body portion 202, but according to other enbodinents, the stiffening
portion 204 could be disposed inside the nain body portion 202. A pivot pin
209 may be inserted through openings in the firing trigger pieces 202, 204
and may 20e Théprogimate erabzfuge S INGR22 Fayrbecpprycteditg gias of2he g%ﬁdéﬁ %@ﬂﬂ%’ddi tion,
a spring 222 may bias the firing trigger 20 to rotate in a CCWdirection.
The spr isidg pR2& ap0have a distal end connected to a pin 224 that is
connected to the pieces 202, 204 of the firing trigger 26 20. The proxi nate
end of t0u575piln thg iRARared embdedieent @othebe maindrody pbrtion@0Randlthe stikfering pertioower
side pieces 59, 60. [00571 In the illustrated enbodi nent, both the main body
por ti on 2392 chIis %&@ Sitiohd 206, 208 pespettdvely) 20theirMppetdad poRivhs POKd geanpordiofs 208
(respectively) a tﬁeir upper end portions. The gear portions 206, 208

engage angenys eilgg[gtegggsee nnglrtl;/pgé&r 85 &IBhY1y 208, as %ﬁ%lgP(?EJi 8L1BR It vRhe MQindkivie the

main drive sha nd to provide feed to the user regarding the

el ute B Sl oF S eV EF bk te rIe R Wl RS e R bt Ry

gear 210 of the gear box assenbly 200 engages the gear portions 206, 208 of
t he firﬂﬁg trigger 20. In addition, the first gear 210 engages a snaller
second gear 212, the snmaller_second gear 212 being coaxial with a |l.arge

third gd8958b14hegpas bopiapsgmbba00may iwslydgasshawnsingh¢ Blusiraieg embogimentosiy 't he
smal l er fourth gear being coaxial with a fifth gear 218. The fifth gear 218
i s a 90 (beseets. defirst ghanf 1 @nfthg gsardborassemylysli Opagades Hwagearp@ti¢nseddo, 2¢ovin in
o3 jil)le t%r?r?; trigger 20. In addition, the first gear 210 engages a smaller second gear 212, the

smaller second gear 212 being coaxial with a large third gear 214. The third gear 214 engages a

smaller fourth gear 216, the smaller fourth gear being coaxial with a fifth gear 218. The fifth

gear 218 is a 90° bevel gear that engages a mating 90° bevel gear 220 (best shown in Fig. 31) that

is connected to the pinion gear 124 that drives the main drive shaft 48.

[0059] In operation, when the user retracts the firing trigger 20, a run motor sensor (not shown)

is activated, which may provide a signal to the motor 65 to rotate at a rate proportional to the

extent or force with which the operator is retracting the firing trigger 20. This causes the motor

65 to rotate at a speed proportional to the signal from the sensor. The sensor is not shown for

this embodiment, but it could be similar to the run motor sensor 110 described above. The

sensor could be located in the handle 6 such that it is depressed when the firing trigger 20 is

retracted. Also, instead of a proportional-type sensor, an on/off type sensor may be used.

[0060] Rotation of the motor 65 causes the bevel gears 66, 70 to rotate, which causes the

planetary gear 72 to rotate, which causes, via the drive shaft 76, the ring gear 122 to rotate. The
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is connected to the pinion gear 124 that drives the main drive shaft 48.

[ 00591 In operation, when the user retracts the firing trigger 20, a run

not or sensor (not shown) is activated, which nay provide a signal to the
notor 65 to rotate at a rate proportional to the extent or force with which
the operator is retracting the firing trigger 20. This causes the notor 65
to rotate at a speed proportional to the signal fromthe sensor. The sensor
is not showmn for this enbodinment, but it could be simlar to the run notor
sensor 110 described above. The sensor could be |ocated in the handle 6
such t haingigeari 122 dwshesseigithepivion grar 124, whicht ip repmeeted tp thg maidiivthall 48, so,
instead of a proportional -type sensor, an on/off type sensor nmay be used.

[ 00601 Rtugtrbtatioroéf thdipinivntgenr BB drives the ndiedivevshhft g8 awkich 6ausgadtuation ot e,

whi ch causes the planetary gear 72 to rotate, which causes, via the drive
shaft 76he duftthgfdtdpling Opératia@rofthe &t éffettor The 27 ring gear 122 nmeshes with the
pi ni on gear 124, which is connected to the main drive shaft 48. Thus,

rotati Pgoﬁq t Rl kAR FEH thel gittio e MER AR urfBAReSthE Wevet Badrt22d% rotie,ch causes
actuati 0 the cutting/stapling operation of the end effector 12. [00611

For war d v&h\?é}h?%hgeg w S)hgfbtgé \E\g;asgg'f ot?g ? arg‘gﬁhé Eea% U{})E%s%glgﬁfsfzzd)hﬁe lﬁ?ﬁgleargﬁ@rto 220 to

rot at e, cause erest-o ars of the gear box
assenbly 200 tge fir ear 210 to rota 8e Eir t gear 0,engages the
gear por?@Endhe st g%?lggngarggs %‘f’r&e?fg""f‘r“i“ég@?’ 25 of l]‘?etfrgﬁar‘g%eééi’ W§Phe firing
trigger 20 to rqtate CCWwhen the notor 65 provides forward gniVE)for t he
end ef f &aysing the firipg frigegr 2Q oot GINmasn thp motRs o5 Preddssdpryasd diive ather se to
retract the end effector 12). In that way, the user experiences feedback
regar di regd effestomig (e wgrotatrdCdBhivbgmibamotasfoSirpiates frreseme i isHract shagndway of t he
user's grip on the firing trigger 20. Thus, when the user retracts the
firing teffegger2)2y thhheay e esenexperitices fepdvack neparding leadisg dorce anddeplathent t he
|l oad force experienced by the end effector 12. Similarly, when the operator
r el easesfttent ieffedior 127 byo@ey o2Be user’s grip on the firing trigger 20. Thus, when the user

retracts the firing trigger 20, the operator will experience a resistance related to the load force

experienced by the end effector 12. Similarly, when the operator releases the firing trigger 20

after the cutting/stapling operation so that it can return to its original position, the user will

experience a CW rotation force from the firing trigger 20 that is generally proportional to the

reverse speed of the motor 65.

[0062] It should also be noted that in this embodiment the user can apply force (either in lieu of

or in addition to the force from the motor 65) to actuate the main drive shaft assembly (and hence

the cutting/stapling operation of the end effector 12) through retracting the firing trigger 20.

That is, retracting the firing trigger 20 causes the gear portions 206, 208 to rotate CCW, which

causes the gears of the gear box assembly 200 to rotate, thereby causing the pinion gear 124 to

rotate, which causes the main drive shaft 48 to rotate.

[0063] Although not shown in Figures 25-31, the instrument 10 may further include reverse

motor and stop motor sensors. As described above, the reverse motor and stop motor sensors
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after the cutting/stapling operation so that it can return to its original
position, the user will experience a CNrotation force fromthe firing
trigger 20 that is generally proportional to the reverse speed of the notor
65. [00621 It should also be noted that in this enbodi nrent the user can
apply force (either inlieu of or in addition to the force fromthe notor
65) to actuate the main drive shaft assenbly (and hence the
cutting/stapling operation of the end effector 12) through retracting the

firing trigger 20. That is, retracting the firing trigger 20 causes the gear
por t i ondn@OEtechaesPegively: teendeiihe sHitivg Str‘é‘%.ﬁ%kd‘tpg@’"&é‘ Pgthskntf?@e@g%wm%ox
assenbly 200 to rotate, thereby causing the pinion gear 124 to rotate,

whi ch caoveneter 8Rkandghaendr ofiretrashian pperatiandfylbretraetion[af te3mifalstedaliymngwembitown i n
Figures 25-3 1, the instrunent 10 nmay further include reverse notor and

st op not32). Asimsitarsircistodbatciesdribdd almaedn carmectioaweitls Bigmet ldrmaynbe wded o not or
sensors 28 may detect, respectively, the end of the cutting stroke (full

depl oyr’rﬁgpbm?ﬁat@tyq,om}f}@/,ﬁétsmgjri ving nenber 32) and the end of retraction
operation (full retraction of the knife/sled driving nenber 32). Asimlar

circuit hat; 1 I i = L OHAr be used to
by opr | 064 VT BECEE O RERON Sub RGNt oN G i et DO

t wo-stro ' L: i i ' : t it h
pover  adreRt LR Rt AL cr i B SRl oSN o ARAIHAER o Flubls
32-36 is,sjmlar. to that. of Fi s 25-31.except that ip_the di ment of
i gur es o3k sk Pt igewr Sgaf Sxa GBS ongiet oPEEds 2386 nd an
upper portion 230Q. Both portions 228, 230 are connected to and pivot about
a pivot Iping tugger 2 dnclydes gilawesporion2d 3gh ar upasr peition d30-2Bgth pesiiens 228.23Qpper
portion 230 includes a gear portion 232 that engages the first gear 210 of
t he geararbpenunecieberand pivaoabourheivob piny7 2 is disposerhibraugh each pdrdoruBie23Gort i on
230 such that the upper portion

The upper portion 230 includes a gear portion 232 that engages the first gear 210 of the gear box

assembly 200. The spring 222 is connected to the upper portion 230 such that the upper portion

is biased to rotate in the CW direction. The upper portion 230 may also include a lower arm 234

that contacts an upper surface of the lower portion 228 of the firing trigger 20 such that when the

upper portion 230 is caused to rotate CW the lower portion 228 also rotates CW, and when the

lower portion 228 rotates CCW the upper portion 230 also rotates CCW. Similarly, the lower

portion 228 includes a rotational stop 238 that engages a lower shoulder of the upper portion

230. In that way, when the upper portion 230 is caused to rotate CCW the lower portion 228

also rotates CCW, and when the lower portion 228 rotates CW the upper portion 230 also rotates

CW.

[0065] The illustrated embodiment also includes the run motor sensor 110 that communicates a

signal to the motor 65 that, in various embodiments, may cause the motor 65 to rotate at a speed

proportional to the force applied by the operator when retracting the firing trigger 20. The sensoi

110 may be, for example, a rheostat or some other variable resistance sensor, as explained
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is biased to rotate in the CWdirection. The upper portion 230 may al so
include a | ower arm 234 that contacts an upper surface of the | ower portion
228 of the firing trigger 20 such that when the upper portion 230 is caused
to rotate CWthe | ower portion 228 also rotates CW and when the | ower
portion 228 rotates CCWthe upper portion 230 also rotates CCW Simlarly,
the lower portion 228 includes a rotational stop 238 that engages a | ower
shoul der of the upper portion 230. In that way, when the upper portion 230
is caused to rotate CCWthe |ower portion 228 also rotates CCW. and when

t he | owksreipofn adsiition theripiteymest LR Iclids @ revsEeMYpr SZ"B?WZI@(SW G IEPR Ofcwy
[0065] The illustrated enbodi nent al so includes the run notor sensor 110

t hat coswitnhied whets cantactddgryad frons fadee243wf the upBertpogtion 339 afdhq g EegedOnent s,

may cause the notor 65 to rotate at a speed proportional to the force

app! i edwhgn hétevamdethatreersaimestor ehsond 80 sands hsighalrtd thy metog@eto RGerseTdiccctiems or

110 may be, for exanple, a rheostat or sone other variable resistance
sensor, A%%, B Msthmest 1Q%niemeiube a bidp attibrtsemdr 14Dehat RB3iippedwn bcthitedradien ncl ude a
reverse notor sensor 130 that is tripped or swtched when contacted by a

front f ' ; ; 1ewheh i di @@ 8fop4Rbtor Wen
acti vat g(g-n‘,%acﬁ?lizoy%le foRr PORBh 209 bF 1@ Tiriag Bidber d@ Wheh h&gzlaier op4hbtor

e’reverse notor sensor 130 Sends a signal to the notor 65 to

211 b s i kRS PRl oL, 2 5C0P Toror senso

actu contac ‘he | ower portion 228 of

the firi ri.gger 20. nhen activated, the stop.notof. sensor, 142 sends a
si gnal tlﬁ&éﬁ oﬁggﬁeéatf%\’/év gRpan BWeé?t%rﬁg?fIl‘ts b‘ﬁ@loﬁﬂrtegrr'g%%%fﬁﬁg}g] Ofﬁﬁgﬁglﬁg?’i on,
when an operator retracts the closure trigger 1%@into t he Iocﬁgp sition,
the fi rthedirngitegaer 29 ¢ redagied lightly theouglhy meglgﬁn(smr QYA e InS ! din the
art, including United States Patent 6,978,921 to Frederick Shelton, |V et.
al and Bhates Pates @9 TEINGo Feedsosk Scttonol Vet #lang Unded Sigigséo. §:905457 to Jaffereh ar e
i ncorporated herein by reference) so that the user can grasp the

S. Swayze et. al, , which are incorporated herein by reference) so that the user can grasp the

firing trigger 20 to initiate the cutting/stapling operation, as shown in Figures 32 and 33. At that

point, as shown in Figure 33, the gear portion 232 of the upper portion 230 of the firing trigger

20 moves into engagement with the first gear 210 of the gear box assembly 200. When the

operator retracts the firing trigger 20, according to various embodiments, the firing trigger 20

may rotate a small amount, such as five degrees, before tripping the run motor sensor 110, as

shown in Figure 34. Activation of the sensor 110 causes the motor 65 to forward rotate at a rate

proportional to the retraction force applied by the operator. The forward rotation of the motor 65

causes, as described above, the main drive shaft 48 to rotate, which causes the knife 32 in the end

effector 12 to be deployed (i.e., begin traversing the channel 22). Rotation of the pinion gear

124, which is connected to the main drive shaft 48, causes the gears 210-220 in the gear box

assembly 200 to rotate. Since the first gear 210 is in engagement with the gear portion 232 of the

upper portion 230 of the firing trigger 20, the upper portion 232 is caused to rotate CCW, which

causes the lower portion 228 to also rotate CCW.
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firing trigger 20 to initiate the cutting/stapling operation, as shown in
Figures 32 and 33. At that point, as shown in Figure 33, the gear portion
232 of the upper portion 230 of the firing trigger 20 noves into engagenent
with the first gear 210 of the gear box assenbly 200. Wien the operator
retracts the firing trigger 20, according to various enbodi ments, the firing
trigger 20 may rotate a small anobunt, such as five degrees, before tripping
the run notor sensor 110, as shown in Figure 34. Activation of the sensor

110 causes the nmotor 65 to forward rotate gt a %&&g ﬂProportgoQa¥ to. the
ret r act [Q0§7F oMen kil ftllyedegloapditi 6r- at thign Fetting pipkedine frontiace pt or
65 causes, as described above, the main drive shaft 48 to rotate, which
causes PH2okthe fippe8poition2R8 tipsdhe eeverse motor senspiol W Whighl seydsch {ignabto thpegi n
traversing the channel 22). Rotation of the pinion gear 124, which is

connect athtdr®5tth eeveBk notationabdisdveibhal 4 Fhiscausse thetniadn devee shaft b@septhly torevdrge gear
box assenbly 200 to rotate. Since the first gear 210 is in engagenent with

t he geakotpfinhi AifecBStodttridi€he kiPRBD. RRVérk®rdta?idh of thetrhein Uiivé starftasseggdy 20, the
upper portion 232 is caused to rotate CCW which causes the |ower portion

228 to @5!%95 t?q@?ﬁir?Z f§¥0 3Qné 0906 Bbx m%bl;yhg rd¢Rist QirddionSwhichlciusdele@ypst (i -e.,
en (0] e

at the cutting stroke), the front face 242 of the upper portion

230 tri (S)mfpg 236 §f %1% ﬁing}ﬁtigéer 5§ Elf%{at%_é%ﬁyfmhc&u&@ %ﬁgeﬁg&ﬂ% 25 8of tﬁﬁ ﬁPIHE tor

65 to réve r 1 on recti ona I'S causes t In drive sha
assenbly.to reverse tational directi to retract, the knife 32. Reverse
ot at | o #hie hiate-CHr K (Shiare peeSnptirip et Sl g PllosfeRantE 1t he
gear box assenbh¥ to reverse direction, which causes the ua&er portion 230
of the Mhen Hy knife §gds tully retracted; whish eysesihie aipterfade stopnén thatwaysihe ¥5ebn 228 of
the firing trigger 20 to rotate CWuntil the |lower portion 228 trips or
act uat esxpenigness degdhankoegarding deployment\gif the enfl effreiorf 2 tapwiayof the ugerisearipagt ed,
whi ch causes the notor 65 to stop. In that way, the user experiences
f eedbac kher fardyarteiggey 26e fihoy; ivereh tiof usehetrecisithe ffiriag thiagget 20 the vggratof wilhe user' s
grip on

experience a resistance related to the deployment of the end effector 12 and, in particular, to the

loading force experienced by the knife 32. Similarly, when the operator releases the firing

trigger 20 after the cutting/stapling operation so that it can return to its original position, the user

will experience a CW rotation force from the firing trigger 20 that is generally proportional to the

reverse speed of the motor 65.

[0068] It should also be noted that in this embodiment the user can apply force (either in lieu of

or in addition to the force from the motor 65) to actuate the main drive shaft assembly (and hence

the cutting/stapling operation of the end effector 12) through retracting the firing trigger 20.

That is, retracting the firing trigger 20 causes the gear portion 232 of the upper portion 230 to

rotate CCW, which causes the gears of the gear box assembly 200 to rotate, thereby causing the

pinion gear 124 to rotate, which causes the main drive shaft assembly to rotate.

[0069] The above-described embodiments employed power-assist user feedback systems, with

or without adaptive control (e.g., using a sensor 110, 130, and 142 outside of the closed loop
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the firing trigger 20. Thus, when the user retracts the firing trigger 20,
the operator will experience a resistance related to the depl oynent of the
end effector 12 and, in particular, to the 1oading force experienced by the
knife 32. Simlarly, when the operator releases the firing trigger 20 after
the cutting/stapling operation so that it can return to its original
position, the user w /|l experience a CNrotation force fromthe firing
trigger 20 that is generally proportional to the reverse speed of the notor
65. [0068] It should also be noted thaf. in _this enbodi nent .t he user can
apply f ystam pkthe metor; gear deive wain, a5 endh etErien) fQ5,3 Hvg-SIRES-MYeHzedSHiE e not or
65) to actuate the main drive shaft assenbly (and hence the

cut t i ngtettinghidfgstempiog itstromentf Thateiscfatpeappliadihyrthe pser imiegaging the fiLpg frigget he
firing trigger 20. That is, retracting the firing trigger 20 causes the gear
porti on2@3Rybk atded to ;ﬂmeﬁorquph@iby%émtomr 66 by avirtnedtie InngtriggenReinghe gears
of the gear box assenbly 200 to rotate, thereby causing the pinion gear 124
to rot al@aredVtCRitEe RG]} HeindiBéctlyYithe gearsiniat traindwendzh)thd motoobatad the®®] The
above-descri bed enbodi nents enpl oyed power-assi st user feedback systens,

Wi th  orypdt §lﬂﬁult8 Qﬁi@f%} URbSEMERLObE the pebsent WileRfor? tRAREOMmayl 6O prol#ied wathd 142
outside of the closed [ oop 31 systemof the notor, gear drive train, and end

ef fectop) e q%%d%?élnggr fn%i?ﬁe o?lrdé%tgeqm?%rﬁ'lﬁ fHe enfl léff{eétgrg bgmltﬂﬁh%hé]l <

i nstrumen e user in retracting the fi
t t he f. t f
0T 0B U SOSER B L o SPULBLL D8P BB

gear drive train between the nptor 65 and the i drive shaft 48. In other
enbodi mEWEiag apd fagignigg dnstiment iy ych 3 W%@%&@P%aﬁw&%\n ded with tactile
f eedback regardi ng the position of the knife 32 in the end effector but

wi t hout [#B0] nén the e“USFria‘ieFi sEbodimsgeef Eigurgedi-ai the\fiving Wieeered may haye arlpwern
Figures 37-40 illustrate a notorized surgical cutting and fastening

i nst r umpnttioni228 asdiahuppet portioh @3¢ esnildr emthe emstliomekt Kyshiowmin Figures 32-36.

Unlike the embodiment of Figure 32-36, however, the upper portion 230 does not have a gear
portion that mates with part of the gear drive train. Instead, the instrument includes a second
motor 265 with a threaded rod 266 threaded therein. The threaded rod 266 reciprocates
longitudinally in and out of the motor 265 as the motor 265 rotates, depending on the direction of
rotation. The instrument 10 also includes an encoder 268 that is responsive to the rotations of the
main drive shaft 48 for translating the incremental angular motion of the main drive shaft 48 (or
other component of the main drive assembly) into a corresponding series of digital signals, for
example. In the illustrated embodiment, the pinion gear 124 includes a proximate drive shaft
270 that connects to the encoder 268.

[0071] The instrument 10 also includes a control circuit (not shown), which may be
implemented using a microcontroller or some other type of integrated circuit, that receives the
digital signals from the encoder 268. Based on the signals from the encoder 268, the control

circuit may calculate the stage of deployment of the knife 32 in the end effector 12. That is, the
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[00701 In the illustrated enbodi ment of Figures 37-40, the firing trigger 20
may have a |l ower portion 228 and an upper portion 230, simlar to the

i nstrument 10 shown in Figures 32-36. Unlike the enbodi ment of Figure

32- 36, however, the upper portion 230 does not have a gear portion that
mates with part of the gear drive train. Instead, the instrunent includes a
second notor 265 with a threaded rod 266 threaded therein. The threaded rod
266 reciprocates longitudinally in and out of the notor 265 as the notor
265 rotates, depending on the direction of rotﬁ%ion. The instrunent 10 al so
i ncl udesonrel einviidian calsslaterifitheikaife 32 sy deploxsdt dly reftasteadopicat 3p IRIEFENIGHL; 1y
drive shaft 48 for translating the increnental angular notion of the main
drive shagd BiBed on theatlvelaticnnbidinetage of deploayment of the endeeffostos HB) thy comitad a
correspondi ng series of digital signals, for exanple. In the illustrated
enbodi neiéuit hilesepd aisiynaigealie st2dnd mototd&Stoaoptrabiismatatonltol therebhedntrol g0 t hat
connects to the encoder 268. [00711 The instrunment 10 al so includes a

cont r ol (&igrGdatihg MAQEmERQfNe thivhdddtodage.be i npl emented using a _
m crocontrol l er or some other type of integrated circuit, that receives the

di gi t ?Lgﬁjggﬂ aké?ﬁehﬁf&} &hERG @igﬁi:%ul?eﬁﬁl, whas i cRRuleBgsdr I8 Sotl6RE IdeteRNCoder

268, ontro circuit may calcul ate the stage of deploynent of the knife

32 int h@n%ggj Pce)'\sfitiicﬁll(,: }h)(;erfa‘éé' tgggeg?o:g(atmeg Qﬁgf ﬁoﬁﬂﬂé E)lglorl Elléﬁ Bg&hﬁ)n 681 %l Hahbgte if

the knif 3 racted, o Intermttent
stage. Based on tge cal cul.ation of the s e..of .dep| oynment. of the end
ef f ect OS s é‘ thatthe B%t?‘iﬂ ﬂchtj Fw;fpe%ﬁ%%ﬁgp %ftg‘? 6’%&"{%&% ﬂ%‘sg&:@rf&mﬁﬁtt or 265
to control its rotation to thereby control the reciprocatin% novenent of
the t hr adthdbe proyinmtwend qdlrothraadedyiod 2865 dthen she apsEileT Tetrads e closare triggsah8 ¢ he
closure trigger 18 is not locked into the clanped position, the firing
tri gger afdlocky itiretie alamped positiorh thefirgtgdtiggar i2p refates plightlydowdrds the clshegl e 6
such that the front face 242 of the upper portion 230 of the firing trigger
20 i s nafiggen2@anthaicthe operator can grasp the firing trigger 20, as shown in Figure 38. In this

position, the front face 242 of the upper portion 230 contacts the proximate end of the threaded

rod 266.

[0073] As the user then retracts the firing trigger 20, after an initial rotational amount (e.g., 5

degrees of rotation) the run motor sensor 110 may be activated such that, as explained above, the

sensor 110 sends a signal to the motor 65 to cause it to rotate at a forward speed proportional to

the amount of retraction force applied by the operator to the firing trigger 20. Forward rotation

of the motor 65 causes the main drive shaft 48 to rotate via the gear drive train, which causes the

knife 32 and sled 33 to travel down the channel 22 and sever tissue clamped in the end effector

12. The control circuit receives the output signals from the encoder 268 regarding the

incremental rotations of the main drive shaft assembly and sends a signal to the second motor

265 to caused the second motor 265 to rotate, which causes the threaded rod 266 to retract into

the motor 265. This allows the upper portion 230 of the firing trigger 20 to rotate CCW, which

allows the lower portion 228 of the firing trigger to also rotate CCW. In that way, because the
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with the proximte end of the threaded rod 266. Wen the operator retracts
the closure trigger 18 and locks it in the clanped position, the firing
trigger 20 rotates slightly towards the closure trigger 20 so that the
operator can grasp the firing trigger 20, as shown in Figure 38. In this
position, the front face 242 of the upper portion 230 contacts the proximate
end of the threaded rod 266. 100731 As the user then retracts the firing
trigger 20, after an initial rotational anobunt (e.g., 5 degrees of
rotation) the run notor sensor 110 may be activated such that,.as,exglained
above, trémproeasing arovementsafisirstheeadedyiod 266 ¢ related g therogbongefthe @ain qriveshafht at e
at a forward speed proportional to the amount of retraction force applied
by the apemblythetapeta of ithe ingrunneng @ rby2ery af bisiteer grip on she fanng wigger?d, ot or 65
causes the main drive shaft 48 to rotate via the gear drive train, which
causes teRperickedsitsctibfeadtrcls hetd tBSpdsitidnrafvied end@ffectoh &2.cFlsnmeahctRd farced sever
tissue clanped in the end effector 12. The control circuit receives the

out put gl the BBrabe heWeRIdoes At diRedy SifdtOth ¥eive BEHRMRAM afivé SHadtt | ons of
the main driveé shaft assenbly and sends a signal to the second notor 265 to

d . . is . : o nt06
cause %Q%@W%gus%egf;n%@lg%%}%@g gfttegear\@ﬁ ifiB ufBkaLE v Rih I @RARthouREEnE66 tO

retract i |'ows t he upper portion 230 of the firing

trigger oJotate .wWhich allo th r _ROktiQ firing
ri oger 108141 Sy NBhEp RS Ine ereRich @ otidfe LENE Iefiiire3 o BB e
nmovenent of the threaded rod 6.is related to th ot.atipns .of  th in
drive sif4fnut S‘&%@%&B‘F‘f}l},‘e ?W@gﬁﬁég’zﬂ‘% FOIB'F’[[ FR 38 f?lﬁﬁé{?t“’lf@,tﬁ)%gm%av ‘8?”1 i s/ her
grip on the firing trigger 20, experiences tactile feedback as to the

posi t i orfeplpyedidee IYéX?eé'é?@r A ghis ppigt, thergogeel; drsuit gray sendyppienal do thy mater
operator, however, does not directly affect the drive of the main drive
shaft d@$semdyesse daectiondo cavse fatraction ofrthgkmife 320 The rensrseghirgcieeh ¢fithe mokns 6§ear
drive train in this enbodinment. t00741 By virtue of tracking the

I ncr enmervhades thetradationsf thé niaredrivgl shafl assemblhakdvens slavition, whithti©iglso detected

by the encoder 268. Based on the reverse rotation detected by the encoder 268, the control
circuit sends a signal to the second motor 265 to cause it to reverse rotational direction such that
the threaded rod 266 starts to extend longitudinally from the motor 265. This motion forces the
upper portion 230 of the firing trigger 20 to rotate CW, which causes the lower portion 228 to
rotate CW. In that way, the operator may experience a CW force from the firing trigger 20,
which provides feedback to the operator as to the retraction position of the knife 32 in the end
effector 12. The control circuit can determine when the knife 32 is fully retracted. At this point,
the control circuit may send a signal to the motor 65 to stop rotation.

[0075] According to other embodiments, rather than having the control circuit determine the
position of the knife 32, reverse motor and stop motor sensors may be used, as described above.
In addition, rather than using a proportional sensor 110 to control the rotation of the motor 65, an
on/off switch or sensor can be used. In such an embodiment, the operator would not be able to

control the rate of rotation of the motor 65. Rather, it would rotate at a preprogrammed rate.
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out put signals fromthe encoder 268, the control circuit can cal cul ate when
the knife 32 is fully deployed (i.e., fully extended). At this point, the
control circuit nmay send a signal to the notor 65 to reverse direction to
cause retraction of the knife 32. The reverse direction of the notor 65
causes the rotation of the main drive shaft assenbly to reverse direction,
which is also detected by the encoder 268. Based on the reverse rotation
detected by the encoder 268, the control ~circuit sends a signal to the
second notor 265 to cause it to _reverse rotational direction such that the
t hr eadel®07€ld Pesvasions ersbediments ehitne Pessentinisniion hayepeghiesrbedpbgye W5, Thi s
notion forces the wupper portion 230 of the firing trigger 20 to rotate CW
whi ch cennnedionveth aerz-type surgicalipgrumentsy &t hoelddanoted, hoyievendhat in pieroper at or
may experience a CWforce fromthe firing trigger 20, which provides
f eedbackmblimbes, dRehatniveadsrgical inseumaett dasclosaihepds neddarot be atchitingyfee 32 in
the end effector 12. The control circuit can determ ne when the knife 32 is
fully rghptifduntht. tRrexaRpIBLit colldBe &AGH-E@tingéddosddpidmstnarsi agraipgnal to
the notor 65 to stop rotation. 100751 According to ot her enbodi nents, rather
t han hay ; ' it.d j i ifa 32,
over oo ity Ui G Bh okt Hstee LRI iRy dBRR L o b e e 1
additioqf r herﬁépgplus}@& a proportional sensor 110 to control the
rot at i of™'0F AR P50 “Gn  on/off switch or sensor can be used. In such
an enbodj nent, the operator.would not be able to .control .the.rate.of
rotati oﬂmg? 1t ﬁgh‘ﬂﬂldﬁe BEsenRIVERHon ha E’%Lﬂeacri'b(?f' h?rémdf‘ conosepR Wgﬁﬁﬁﬁ% rate.
34 [0076] The various enbodi nents of the present invention have been
descr i béigclassdeambodimeatsnmany medifisriionsand variajions osheseregibodimentsmay bent s. 1t
shoul d be noted, however, that in other enbodinents, the inventive surgical
i nst r uremglendersed. ddeax#reple; diffarsatiypestofisad affentars mag begpwloysdr dilsvawhemst r unent .
For exanple, it could be a non-cutting endoscopic instrument, a grasper, a
st apl er magrialsiape diggddsed for cartaincompeneney bther matedls giag dp asédr EFleforedeing ver y
devi ce, an energy device

description and following claims are intended to cover all such modification and variations.

[0078] Any patent, publication, or other disclosure material, in whole or in part, that is said to
be incorporated by reference herein is incorporated herein only to the extent that the incorporated
materials does not conflict with existing definitions, statements, or other disclosure material set
forth in this disclosure. As such, and to the extent necessary, the disclosure as explicitly set forth
herein supersedes any conflicting material incorporated herein by reference. Any material, or
portion thereof, that is said to be incorporated by reference herein, but which conflicts with
existing definitions, statements, or other disclosure material set forth herein will only be
incorporated to the extent that no conflict arises between that incorporated material and the

existing disclosure material.
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using ultrasound, RF, laser, etc. [0077] Although the present invention has
been described herein in connection with certain disclosed enbodi nents,
many nodi fications and variations to those enbodi mrents nay be inpl enented.
For exanple, different types of end effectors nay be enpl oyed. Al so, where
materials are disclosed for certain conponents, other materials nmay be used.
The foregoing description and following clains are intended to cover al
such nodi fication and variations. [0078] Any patent, publication, or other
di scl osure material, in whole or in part, that is said to be incorporated
by refe@dddMSerein is incorporated herein only to the extent that the
incorporated materials does not conflict with existing definitions,

st at eneWisat isclaimethér: di scl osure material set forth in this disclosure. As
such, and to the extent necessary, the disclosure as explicitly set forth
herei n supersedes any conflicting material incorporated herein by reference.
Any material, or portion thereof, that is said to be incorporated by
reference herein, AbfgiviGiiing @t fak@hing Mstrlimefodofiprisimgdef i ni ti ons,
statenents, or other disclosure materral set forth herein will only be

| ncor por at ed a{l grécf &?ecﬁ?ftcgl'ﬁgri%ipgg cﬁ't‘ﬁng %Irhlingﬁt_fg{ éuﬁg@ HESNESE Bodificed i ERAQT at ed

material and existin closure mteri CLAFMS™ What is clainmed
is: 1. Aﬂ§%r ical cutting and fastening instrunment conprising: an end
ef f ect of & Wgrising a cutting instrunent for cutting an object positioned in

the end effector; .a main drive shaft as enbh% connected to the end
effector: andMPimdiivh aft gsmbeepnnerted thesnd <fer9s @flart assembly, wherein

t he handl e conpri ses: o i i
a handle connected to the main drive shaft assembly, wherein the handle comprises:

a motor for actuating the main drive shaft assembly via a gear drive train;

a firing trigger;

a run motor sensor for sensing retracting of the firing trigger, wherein, when
retraction of the firing trigger is sensed by the run motor sensor, the motor is signaled to forward
rotate to cause cutting of the object positioned in the end effector by the cutting instrument; and

at least one sensor for sensing a condition indicative of the position of the cutting

instrument in the end effector.

2. The surgical cutting and fastening instrument of claim 1, wherein the at least one
sensor includes a reverse motor sensor for sensing a condition indicative of an end of a cutting

stroke by the cutting instrument.
3. The surgical cutting and fastening instrument of claim 1, wherein the at least one

sensor includes a stop motor sensor for sensing a condition indicative of retraction of the cutting

instrument,
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a notor for actuating the main drive shaft assenbly via a gear drive train;
a firing trigger; a run notor sensor for sensing retracting of the firing
trigger, wherein, when retraction of the firing trigger is sensed by the
run notor sensor, the notor is signaled to forward rotate to cause cutting
of the object positioned in the end effector by the cutting instrunment; and
at | east one sensor for sensing a condition indicative of the position of
the cutting instrunent in the end effector. 2. The surgical cutting and
fastening instrument of claim1, wherein the at | east one sensor includes a
reverse notor sensor for sensing a condition indicative of an end of a
cutting stroke by the cutting instrunent. 3. The surgical cutting and

fast eni ng i ndt r unEhe swgicalcattimgBnd fisteningringtument of daimx 1, orherein thegbleast g udes a
stop notor sensor for sensing a condition indicative of retraction of the
cut ti ngsersosincluddnt . 36 4. The surgical cutting and fastening instrunment of
claim1l1, wherein the at |east one sensor includes: a reverse notor sensor
for sensing gr&eREdindteisehddiifsiaiehsifg HEorditionnadiedtiva of b EhdGF Sduttiiesstidke by he
cutting instrunent; and a stop notor sensor for sensing a condition
i”diCalﬂﬁ@%d&ﬁgﬁﬁ&&ﬁ&hh%ﬂdOf the cutting instrunent. 5. The surgical cutting
and fastening i nstrunent of claim4, wherein: when the reverse notor sensor

Senses L1 O AP ofh s Rl b nae, e

i s signal ed £6%P rac runen nd
instrument.
5. The surgical cutting and fastening instrument of claim 4, wherein:

when the reverse motor sensor senses the condition indicative of the end of the cutting
stroke, the motor is signaled to reverse rotate to retract the cutting instrument; and
when the stop motor sensor senses the condition indicative of retraction of the cutting

instrument, the motor is signaled to stop rotating.

6. The surgical cutting and fastening instrument of claim 4, wherein the run motor

sensor comprises a proportional switch such that the rate of rotation of the motor is proportional

to the retraction force applied to the firing trigger.

7. The surgical cutting and fastening instrument of claim 4, wherein the run motor

sensor comprises an on/off switch.

8. The surgical cutting and fastening instrument of claim 1, wherein the end effector

includes a staple cartridge.
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when the stop notor sensor senses the condition indicative of retraction of
the cutting instrunment, the notor is signaled to stop rotating. 6. The
surgical cutting and fastening instrunment of claim4, wherein the run notor
sensor conprises a proportional switch such that the rate of rotation of the
nmotor is proportional to the retraction force applied to the firing
trigger. 7. The surgical cutting and fastening instrunent of claim4,
wherein the run notor sensor conprises an on/off switch. 8. The surgica
cutting and fastening instrument of claim1, wherein the end effector
includes a staple cartridge. 37 9. The surgical cutting and fastening
instrunment of claim1, wherein the end effector includes a helical drive
screw, such fhat Tl swegidalcottimgiand fasfeningdnstaimientof cdpimvie wderedinthe g0d efeqtore
cutting instrunent to undertake the cutting stroke, and reverse rotation of
t he hel iialdesls halcabdrie@vicreng ysehsthitiferveand tdtatipniofi serhetrealtdritve screwrcaeses the0. The
surgical cutting and fastening instrunment of claim4, wherein the firing

trigger ciging fRfr@Meitd ﬁndéﬂ@k;ﬂﬁﬁkuﬂi&\l}%‘éﬁol_&f, andrevdrde roldiRnof tig Iptibal alitve sergwand
fastening instrument of claim1, erein the main drive shaft assenbly

incIudegmﬂé{%?Egﬁh%ggygﬁgggoga&wgrticulating the end effector. 12. The

surgical cu a astening 1nstrunent of claiml, further conprising a
closure trigger separate fromthe firing trigger, wherein retraction of the
closure trigger causes the end effector to clanp the object positioned in

the end effector. _14. The surgical. cutti.ng and fast.enjng instr nt of claim
4, wherein t ﬁé fi Lhegpreics] C{;‘B@% al’“& f%&mquﬁﬁqwepb@ﬁ?‘ﬁl 4’ﬁg‘efeé(‘/&1ﬁ£?%t or
sensor when the cutting instrument reaches the end

trigger is geared into the gear drive train.

11.  The surgical cutting and fastening instrument of claim 1, wherein the main drive

shaft assembly includes articulation means for articulating the end effector.

12.  The surgical cutting and fastening instrument of claim 1, further comprising a
closure trigger separate from the firing trigger, wherein retraction of the closure trigger causes

the end effector to clamp the object positioned in the end effector.
14.  The surgical cutting and fastening instrument of claim 4, wherein the firing
trigger is configured to trip the reverse motor sensor when the cutting instrument reaches the end

of the cutting stroke and to trip the stop motor sensor when the cutting instrument is retracted.

15.  The surgical cutting and fastening instrument of claim 12, further comprising a

mechanical closure system for closing the end effector when the closure trigger is retracted.
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of the cutting stroke and to trip the stop notor sensor when the cutting
instrunment is retracted. 15. The surgical cutting and fastening instrunent
of claim 12, further conprising a nmechanical closure systemfor closing the
end effector when the closure trigger is retracted. 38 16. The surgi cal
cutting and fastening instrunment of claim 15, wherein the end effector
conpri ses: an elongate channel for carrying the cutting instrunent; and a

cl anpi ng nmenber pivotably connected to the el ongate channel. 17. A surgical
cutting and fastening instrunment conprising: an end effector conprising a
cutting i nstd@mentThe syrgieak qutting and fagigndeg ingpunent ehelaim ko.;verdnthe egff ector; a
mai n drive shaft assenbly connected to the end effector; and a handl e
connect edifettor ¢cdmeprizes:n dri ve shaft assenbly, wherein the handle conprises: a
notor for actuating the nmain drive shaft assenbly via a gear drive train; a
firing triggeaneloagitsbhaintofor sanNsay the outting istragenteandact i ng of the firing
trigger, wherein, when retraction of the firing trigger is sensed by the
sensor, the Bk iﬁém%fng&aﬁie&aﬁl?cBﬂ{e\Sﬁﬂ‘ﬂoih@‘é%gatE@hmﬁ@lee cutting of the

obj ect positioned in the end effector by the cutting instrunment, wherein the
run notor sensor conprises a proportional switch such that the rate of
rotation of the notor is proportional to the retraction force applied to

the firing trigger, a.reverse or sensor for sensing a condition

i ndi cative oﬂ5an éﬁ%“%?ﬁ§uéﬁﬁﬁg§%m&gg$6w%m'fm{%gngﬁrggng i nstrunent such

t hat when the re¥e se notor, sensor, senses the condition .indi.catjve of .the
end of the c@!eR E;f[f%ﬁt?rd%?@}’”?ﬁ& atyitine instruienifor eNftipgan eRJest pasifighedip thegnd

retract the
effector;

a main drive shaft assembly connected to the end effector; and
a handle connected to the main drive shaft assembly, wherein the handle comprises:

a motor for actuating the main drive shaft assembly via a gear drive train;

a firing trigger;

a run motor sensor for sensing retracting of the firing trigger, wherein, when
retraction of the firing trigger is sensed by the sensor, the motor is signaled to forward rotate to
cause cutting of the object positioned in the end effector by the cutting instrument, wherein the
run motor sensor comprises a proportional switch such that the rate of rotation of the motor is
proportional to the retraction force applied to the firing trigger;

a reverse motor sensor for sensing a condition indicative of an end of a cutting
stroke by the cutting instrument such that when the reverse motor sensor senses the condition
indicative of the end of the cutting stroke, the motor is signaled to reverse rotate to retract the

cutting instrument;
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cutting instrunent; 39 a stop notor sensor for sensing a condition

i ndi cative of retraction of the cutting instrunment such that when the stop
not or sensor senses the condition indicative of retraction of the cutting
instrunment, the notor is signaled to stop rotating. 18. The surgical cutting
and fastening instrunent of claim17, wherein the run notor sensor
conprises a proportional switch such that the rate of rotation of the notor
is proportional to the retraction force applied to the firing trigger. 19.
The surgical cutting and fastening instrunment of claim 18, wherein the end
ef fector conpri sesstommor senger or sensinga)condjron idicptivgyok msaction(of Hig UHEEr unent ;
and a cl anpi ng menber pivotably connected to the el ongate channel. 20. A
sur gi calnsturhérit sechethat Wieesttknstop miotrs sensmesenses dirproindition indientiva of a¢trastion pf
conprising a cutting instrunent for cutting an object positioned in the end
ef f ect ofhe cattifpimtrdmenethe medtor iasigaatbd 1 tgnetingd to the end effector; and a
handl e connected to the nain drive shaft assenbly, wherein the handle
conprises: a notor for actuating the shaft via a gear drive train; a firing
trigger; neans for sensing retracting of the firing trigger, wherein, when

retraction O[S.t hel“hefé-ul:éé&g cﬁt‘ii-hggﬁd %’aiséni"ﬁg MG Hmeht ¥ THRHAY, WhersindR&hRdndier
forward rotate to cause cutting of the object positioned in the end
effect Ogents)ch ctopn%ri(s:e%tatplrggorli(r)]r% Ev‘é{?&“st.u?ch flh%t the rate of rotation of the motor is proportional

to the retraction force applied to the firing trigger.

19.  The surgical cutting and fastening instrument of claim 18, wherein the end
effector comprises:
an elongate channel for carrying the cutting instrument; and

a clamping member pivotably connected to the elongate channel.

20. A surgical cutting and fastening instrument comprising:
an end effector comprising a cutting instrument for cutting an object positioned in the end
effector;
a main drive shaft assembly connected to the end effector; and
a handle connected to the main drive shaft assembly, wherein the handle comprises:
a motor for actuating the shaft via a gear drive train;
a firing trigger;
means for sensing retracting of the firing trigger, wherein, when retraction of the
firing trigger is sensed, the motor is signaled to forward rotate to cause cutting of the object

positioned in the end effector by the cutting instrument;
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means for sensing a condition indicative of an end of a cutting stroke by
the cutting instrunment such that when the condition indicative of the end
of the cutting stroke is sensed, the notor is signaled to reverse rotate to
retract the cutting instrunment; and neans for sensing a condition indicative
of retraction of the cutting instrunent such that when the condition

i ndicative of retraction of the cutting instrunent is sensed, the notor is
signaled to stop rotating. 41

means for sensing a condition indicative of an end of a cutting stroke by the
cutting instrument such that when the condition indicative of the end of the cutting stroke is
sensed, the motor is signaled to reverse rotate to retract the cutting instrument; and

means for sensing a condition indicative of retraction of the cutting instrument
such that when the condition indicative of retraction of the cutting instrument is sensed, the

motor is signaled to stop rotating.
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